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tractions of 
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studying the fate of 6-mercaptopurine 
In man after an intravenous dose of S*° 
labelled compound, noted incorporation 


into the DNA of the 


mvelocytic leukemia!” 


of radioactivity 
C¢ Ils ot chronic 

Phe therapeutic activity of this com 
evaluated by the 
Che motherap Service, Memorial Cent 


pound has been 
er, in 269 patients with neoplastic dis 


of whom 140 had acute leukemia. 


SC 
S subacute, 18 chronic mvelocvtic. and 
t chronic lymphocytic leukemia. The 


usual dose in children was 2.5 mg./kg 
by mouth in a single daily dose and at 
this level very few toxic manifestations 
observed. This dosage is usually 
tolerated bv adults. 
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ele 
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severe depression of all formed 
ments of the 

serious hazard, but in some patients, 
both adults and children, 5 to 7 mg./kg. 


tolerated 


marrow 


wert without difficulty. At 
these doses mild gastrointestinal dis- 
turbances sometimes occurred. At 2.5 
mg./kg daily the antileukemic effect 


of mercaptopurine generally did not 
until after 3 to 8 
weeks of continuous therapy although 


become manitest 
occasionally it acted more rapidly’ 


Mercaptopurine no practical 
value in chronic lvmphocytic leukemia, 
lymphosarcoma, Hodgkin's disease or 
any of the metastatic carcinomas so fat 
with metastatic 


studied. In patients 


reticulum cell sarcoma slight tempor- 


ary regressions of tumor masses and 
subjective improvement were occasion 
ally noted. 


In 11 out of 12 patients in the early 
stage of chronic myelocytic leukemia. 
it was effective in producing satisfac- 


tory remissions with definite fall in 
white count, decrease in immature 
forms, rise in hemoglobin, and a de- 
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crease in splenomegaly and_hepat 
megaly 
this fall in 


decrease in immati 


Figure 1 demonstrates 
total leukocytes 
forms, and decrease in spleen size 
a patient with chronic myelocytic | 


kemia As can be 


and as was noted in most of the otl 


seen in. this cas 


patients, a rapid relapse in appr 


mately 4 weeks occurred when. the 
drug was discontinued. For this re 
son it is advisable to give maint 


ance therapy in almost all cases. Oc 


sionally, however, as shown in Fig 


therapy continu d over a 3- or 4-mont!] 
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period may eventually bring the coun 


down to normal levels and the dis 


tinuation of therapy may then not b 
followed immediately by an increas« 
leukoevte count. This patient has b 


months now. without 
How mercaptopuril 
will the 


tional agents such as Roentgen ray 


carried tor 11 
further therapy 


compare with more con\ 
P22 or urethane in the treatment of th 
early stages of chronic mvelocytic 
stated at this tim 
Patients whose disease has progres 
to the terminal acute stage with a | 


percentage of blasts in the marrow and 


kemia cannot be 


peripheral blood and with a fall in 
platelets and hemoglobin rarely r 
spond to the conventional therap« 
agents. It is of considerable interes 


that 2 out of 6 patients in this stage ol 


the disease have also respond ti 
mercaptopurine with temporary remis 
sions lasting 1 to 3 months, with a cde 
crease in blast forms in marrow and 


peripheral blood, an increase in hemo 
globin and platelets, and clinical im- 
provement. 
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{1 had good clinical and hemato ogi 
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ecreased to a level of less than 30%, 


which normal erythroid and 


nveloid elements increased to at least 
AU megakaryocytes reappeared, the 
peripheral blood values became essen- 
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cells and lymphocytes in the marrow, 
and a rise in platelets and in the per- 
centage of polymorphonuclear leuko- 
cytes to normal levels. This remission 
lasted 6 months, but then despite con- 
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patients from 1 to 10 months. At this 
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of 37 children whose disease had be- maintenance therapy, but is now begi 
come resistant to 6-mercaptopurine, 14. ning to show a bone marrow relap 
had good clinical and hematological despite continuing therapy. Figure 


remissions with amethopterin. Con- shows what we consider to be a p: 
versely many patients who were in- tial remission in a 34-year-old man. A 
itially resistant or who had become re- though the leukemic cells and lymp 
sistant to amethopterin or cortisone still ocvtes in this patient's marrow never 
responded to mercaptopurine. reached a level of below 40%, his m 
Among the 50 adults with acute leu row was normally functional, the hem 
kemia the results were not so satisfac- globin, the pl itelets, and the percent 
tory, with 7 good clinical and hema- age of polymorphonuclear leukocyt 


tologic remissions, 10 clinical but only — in the pe ripher: il blood returned to nor 
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partial hematological remissions, and mal levels, and the patient appeared to 
33 failures. Figure 4 shows a good re- be in perfect health during a period 
mission in a 52-year-old woman with of 9 months under therapy with the 
acute monocytic leukemia. It can be drug. Eventually, however, his diseast 
seen that, under therapy the marrow became resistant to therapy. 


gradually returned to normal morphol- In isolated cases in adults, it would 
ogy and to a normally functioning state appear that the survival time has been 
as shown by the fact that the polymor- increased, but the percentage in which 
phonuclear leukocytes, hemoglobin and such benefit occurs is so small that it 
platelets were maintained at normal is not possible to demonstrate a sta 


levels. The patient remained in remis- _ tistically valid increase in over-al! sut 
sion and was able to continue a normal vival time of adult patients with this 
life for over a vear under constant disease. 
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In the treatment of acute leukemia in 
children we now have at our disposal 
three types of agents: the folic acid 
intagonists, the purine antagonists, and 
Fortunately, there is 
no cross resistance between the differ- 


i hormones. 


Bone nnn Mye 
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the duration of the remissions induced, 
the height of the leukocyte count and 
the age of the patient suggest the use 
of a particular agent in a given situa- 
tion. In any patient with acute leuke- 
mia who is acutely ill and has a marked 
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hemorrhagic diathesis, it is imperative 
to use a drug which acts rapidly, and 
therefore cortisone or ACTH would 
be the drugs of choice, except possibly 
in monocytic or myelomonocytoid 
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the patient with acute leukemia months and 29% were living 12 months 
who has minimal hemorrhagic mani- after the start of their disease. In the 
festations and who appears likely — third group of 52 cases, in which treat 


to survive the 3 to S weeks necessary 


to bring about a good remission with 
the tolic 


the use of these agents is preferable 


acid or purine antagonists, 
as longer and more satisfactory remis 
sions mav_ be expected. In 
tients or in those children whose total 
leukocyte count is initially over 50,000, 


mercaptopurine seems to be somewhat 


adult pa 


safer and of greater value than ameth 
opterin, but in children with leukocyte 
counts under 50,000 the remissions 
caused by the folic acid antagonists 


may be somewhat longer. 


Thus it is our feeling that in acute 


leukemias, the antimetabolites (ameth 


opterin and mercaptopurine should 
be the main reliance of the chemo 
therapist, with the hormones (cortisone 
and ACTH being reserved for the 
emergency situations, where the dis 


CASE h iS become resistant to the anti 
metabolites or where there is not suffi 
the use of these slower- 


client time tor 


icting drugs 

Although combination therapy theor 
etically appears to be the most prom 
ising method for controlling leukemia, 
combinations of amethopterin, corti 
sone and mercaptopurine have not in 
our experience been any more satisfac 
torv than the sequential use of these 
the | 


drugs. By drugs 
sequence 


using 
available In the 
definite 


time can be 


various 
indicated 
survival 
Table 


different 


above, a increase in 
demonstrated 

shows the survival time of 
groups of children with acute leukemia 
In 218 untreated cases collected from 
the literature by Tivey'*, 50% were dead 
by 3.9 months and only 5% were alive 
12 months after the start of their dis- 
154 chil 
dren treated at Memorial Hospital with 
the folic acid antagonists or the ster- 


oids, or both, 50% were dead by 8.9 


ease. In the second series of 


ment was started during the period 
1952, to April 30, 1953, at the 
became 


June | 


time when mercaptopurine 
to the 


dead by 


available in addition antifolics 


and steroids. 50 were just 
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Since the latte 


series had equal opportunities tor anti 


ovel 


vival was 52 two 


biotics and transfusions, it would seem 
that the addition of 
a regimen employing the other two 


mere aptopurine to 


tvpes of agents has caused a definite 
increase in the survival time of these 
children 

Summary. We have in mercapto 
purine a new type of agent which ha: 


demonstrated activity against expel 


rABLI | RESULTS Ol SEQUENTIAL 
THERAPY OF ACUTE LEUKEMIA IN 
CHILDREN 
\ ng ) 
Lor 
No treatmet IS 
Cortisone 29 
Amethoptern 
Amethopterin 
Cortisone, and 4 
6 Mik reaptopurine 
imental tumors and leukemias in tl 
mouse and against leukemia in mat 
As shown bv cross resistance studi 
it acts through mechanisms differi 
from those of the steroids or the to 


acid antagonists. A high percentage 
temporary remissions can be achie 
with this drug in children with act 


leukemia. 


occur in adults but the results are o 


Occasional remissions a 


erally not as satisfactory as with 


children. In early chronic mvyelocy 


leukemia, excellent remissions can 
but the ac 


leukemias, maintenance therapy m 


achieved, here as in 


generally be continued. Occasio 


beneficial effects have been seen in t 


BURCHENAL, ET AL.: CLINICAL 


terminal acute stage of chronic myelo- 


ytic leukemia, but these remissions 
ive been of short duration. Mercapto- 


Burchenal, J. H.: Bull. New York Aca 


Idem { npublished observations 


EVALUATION OF 6-MERCAPTOPURINE 


purine thus adds another type of anti- 
leukemic agent to the armamentarium 
of the clinician. 
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THE FANCONI SYNDROME AND ITS CLINICAL 


VARIANTS*® 


By RALpH M. Myerson. M.D. 


AND 


BERNARD H. Pastor, M.D 


From the Medical Service, Veterans 

Durinc the past few years there has 
been renewed interest in a syndrome 
characterized by renal glycosuria, ami- 
noaciduria, low serum inorganic phos- 
Credit for 
the original description of this syn- 


phor us and osteomalacia. 


drome is usually given to Fanconi??? 
‘ and the condition is com 
with their 
its features had, 


and de Toni 


monly associated names. 


Cases with some of 
howevel 
Schie1 
in 1927. 


The 


drome is not known. 


prev iously been reported by 
and Stern’ in 1926, and Boyd* 
the Fanconi svn 

\ hereditary fac- 
tor seems certain in view of the pre- 


etiology of 


ponderance of cases in infants and chil- 
dren and the marked familial incidence. 
The the 
adults suggests the possibility of a pro- 


occurrence of syndrome _ in 
longed latent period for its develop- 
ment or that there is an acquired type 
of disorder. The latter possibility is 
the fact that 
the cases reported in adults has there 


favored by in only 2 of 


been a familial history*!*5 
Since 


drome. in 


the 
have 


Fanconi described 
1931, shown 
fairly conclusively that the underlying 
pathology is in the kidney and consists 


of a defect in the function of the prox- 


svn- 
studies 


imal convoluted tubules leading to 
faulty reabsorption of glucose, amino 
phosphate and _ occasionally 
bicarbonate and potassium. 


There is no associated defect in glomer- 


acids, 
water, 


°*Presented at the 
January 15, 1954 
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Administration Hospital Philadelphia, Pennsylh 


Eastern Pennsylvania Regional Meeting, 


failure of the 

usual clinical variety does not occur. 
The that 

come to necropsy have all revealed de 


ular function and renal 


relatively few cases have 
generative changes in the proximal tu 
the Two 


groups of investigators have reported 


bules of 


the absence of intracellular phospha 
tase in the proximal tubules This 
has led to the postulation that defe 
tive phosphorylation may be respon 
sible for the faulty reabsorption Re 


cently Clay and his coworkers!* have 
isolated solitary nephrons from 2 cases 
of the Fanconi syndrome, one a child 


and the other an adult. They consis 
tently found that the proximal convo 
luted tubules were abnormal in that 
they were short and were joined to the 
glomerulus by a thin, “swan-like” neck 

It seems likely that the Fanconi syn 
drome is but a variant of a fairly larg 
group of disorders which have as their 
common denominator a defect in tubu 
lar reabsorption. At one extreme ar 
single deficits in the handling of wate: 
glucose, amino acids, phosphate, prob 
ably bicarbonate and possibly potas 
At the other end of the scale at 


cases with the complete gamut ofr 


sium. 


sorptive deficiencies such as those r 
ported by Milne and his associates 
Betwee 
the two extremes are a number of con 


and Sirota and Hamerman*. 


binations of defects, one of which 
the Fanconi syndrome. 
American Goll ve of Physicia 


4 
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The disorders are probably best 
grouped into unifi ae al and multifac- 
toral deficiencies® Table 1). The 
vndromes single defects 
ire 

|. NEPHROGENIC DIABETES INSIPIDUS. 
This is extremely rare and is due to 

primary detect of water reabsorp- 
tion by the kidney, resulting in polyuria 
vith urine of low specific gravity in- 
ensitive to posterior pituitary extract. 
Williams pa Henry“ found this de- 
fect in 7 members of one family. Their 


PrABLE 1 
\ | nifactoral 


TUBULAR RE 
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chloroform and uranium, increased pro- 
tein catabolism occurring in wasting 
diseases, burns, crush injuries and hy- 
pesthyroidicn and advanced renal fail- 
ure®*4, Primary renal aminoaciduria 
occurs in hepatolenticular degeneration 
( Wilson’s disease ) and cystinuria. 

In 1948, Uzman and Denny-Brown** 
found evidence of excessive aminoacid- 
uria in hepatolenticular degeneration 
prior to the development of hepatic 
damage. There is an increase in the 
amino acids normally found in the 


SSORPTIVE DEFICIENCIES 


1. Water »Nephrogeni Diabetes Insipidus 

2 Glucose Diabetes 

$3. Phosphate—Vitamin D Resistant Rickets 

+. Amino acids—+Hepatolenticular Degeneration 
Wilson’s Disease 
*Cystinuria 

>. Bicarbonate (7)—+Hyperchloremic Acidosis 
Hyperchloremic Nephrocak 


6. Others (77 


a. Caletum—-ldiopathic Hypercaleuria 


b. Potassium 


B. Multifactoral 


1. Glucose Phosphate—>Glycosuric Rickets 
2. Glucose Amino acids 
>. Glucose Phosphate Amino acids 


a. Water 
bh. Bicarbonate 
c. Potassium 

} Cy stinosis 


udies of renal function in one of these 
tients revealed that the disorder had 
origin in the renal tubules. 
RENAL GLycosuRIA. This is the 
t known and most common disorder 
the group. Friedman and his co- 
rkers*! clearly established that faulty 
ibsorption of glucose is responsible 
this condition. 
}. AMINOACIDURIA WITH NORMAL 
OOD LEVELS OF AMINO aciDs. This 
urs as a result of defective tubular 
bsorption and must be differentiat- 
from the “secondary” aminoaciduria 
ich may result from hepatic insuffi- 
ney, poisoning with phosphorus, 


Classical Fanconi Syndrome 


urine'®, a pattern similar to that seen 
in the Fanconi Subse- 
quent studies have demonstrated that 
the origin of the aminoaciduria is 
faulty reabsorption of amino acids by 
the renal tubules'-2°. The prolonged 
loss of essential amino acids may be 
the cause of the cirrhosis of hepato- 
lenticular degeneration. About 20% of 
cases of the Fanconi syndrome have 
been associated with cirrhosis, pos- 
sibly on the same basis'**:5°, The rela- 
tionship of the aminoaciduria to the 
alterations in copper metabolism in 
Wilson's disease is not as yet clearly 
understood. Recently, extensive studies 
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on this subject have been reported by 
Stein, Bearn and Moore* and 
Bearn and Kunkel*. A parallelism has 
been demonstrated between the urin- 
and amino acid excretion. 
Bearn and Kunkel’ suggest that in Wil- 


sons disease 


ary coppel 


there is an increased ab- 
sorption of copper and secondary ac 
cumulation of copper in the tissues. 
This, they postulate, may result in cir- 
rhosis of the liver and its accumulation 
in the kidney 


tubular damage 


may give rise to renal 


Cystinuria is a specific resorptive de 
fect involving 3 similar diamino amino 
cystine, 


acids: lysine and arginine. It 


is familial and usually 


v benign unless 
least soluble of the 3. is 
precipitated in the urinary tract with 


resultant 


cystine, the 


stone tormation=* 

4. VITAMIN D RESISTANT RICKETS. This 
is rare but well documentated and has 
to faulty 


sorption of phosphate! O42 Tt 


been shown to be duc reab 


cannot 
be attributed to the faulty reabsorption 
of Vitamin D from the gastrointestinal 
tract since the 
though 
blood 


confirmed by its 


clisease pe rsists even 
Vitamin D is present in the 
in high concentration®. This is 
to the 
Vitamin 


D-. Although a familial incidence is not 


retractoriness 
intravenous administration of 


always present, it is reported frequently 
enough to suggest that the disease is 
genetically determined*?:+ 
rickets clinically 
from the usual infantile type in several 


Resistant differs 
ways. It persists into or may first man 
itself in adult life, 
while typical rickets is uncommon be- 
yond the eighteenth month. The serum 
phosphorus is low in resistant rickets 
and its failure to rise with therapy 


itest childhood or 


seems to be a salient feature of the dis- 


order. This is in decided contrast to 
infantile rickets where a rise in the level 
of serum inorganic phosphorus is one 
of the first signs of improvement. The 


clinical findings in the 2 tvpes are sim- 


SYNDROMI 


AND ITS CLINICAL VARIANTS 


ilar and the differentiation can be 
made only when lack of response to 
\lassive 


the usual therap is noted 


doses of Vitamin D may be necessary 
to bring about improvement, as much 
as 1.500.000 


required’, 


units daily having been 


5. HYPERCHLOREMIC ACIDOsis. This is 


known by a variety of svnonvms in 
cluding hvperchlore mit 
osis, Butler-Albright syndrome and ren- 
al tubular Bur 


nard®* first suggested that this complex 


nephroc alc In 


acidosis. Latner and 
svndrome may be explainable on the 
detect. the failure of 


bicarbonate reabsorption by the proxi 


basis of a singh 
mal tubules. The hype rchloremia may 


represent a compensatory mcrease in 
tubular reabsorption of chloride to bal 
ance the excessive bicarbonate loss 
This theory of pathoge nesis is but one 
of many proposed and further investi 
gation of the probl m is necessary. Re 
Schreiner, Smith and = Kyle 


have reviewed the subject and demon 


cently 


strated for the first time that this dis 
Case Can have al tamilial basis 
6. OTHER UNIFACTORAI DEFECTS 


There is a possibility that other singl 
resorptive defects exist Idiopathic hy 
percalcuria has been reported but i 
not well documented 

Since hypokalemia has been reported 
as part of multifactoral resorptive d 
fects, it would be attractive to place 
familial periodic paralysis, in| which 
hypokalemia is the only detectable ab 
into the 


toral defects. There is 


normality. unitac 


group of 
however, no evi 
Talbott 


ho appreciable rise 1m potassium excrTre 


dence to support this founc 


tion before or during attacks 
Danowski!? 
coworkers seem to show a 


Quant 
tative studies by and hi 
transter o 
extracellular potassium into the intra 
cellular phase associated with the ons¢ 
of muscular paralysis 
The multifactoral 


ciencies are 


def 
define 


resorptive 


more difficult to 


. 
° 


MYERSON, PASTOR! FANCONL SYNDROME AND ITS CLINICAL VARIANTS 35S] 


lheoretically any combination of de- 
fects might occur, but actually only 
t few have been noted clinically. 

|. “GLYCOSURIC RICKETS”, a syndrome 
ft renal glycosuria and Vitamin D re- 
tant rickets has been reported. In 
their extensive review of the Fanconi 
vndrome \icCune, \lason and 
larke*? collected 24 instances of hy 
pophosphatemic rickets with nondia- 
betic glycosuria. In none of these was 
minoaciduria investigated and it seems 
probable that some, if not all of these 
ises actually represented the com- 
nlete Fanconi syndrome. In his recent 
review of rickets and osteomalacia due 
renal tubular defects, Dent?! could 
I nd only t cases ot defective phosphate 
nd glucos eabsorption. All 4 patients 
vere adults and one had a_ brother 
vith Vitamin D resistant rickets. The 
erm Milkman’s svndrome been 


ised to include a variety of conditions 


haracterized by osteomalacia and 
near “pseudotractures.” Some of the 
iSeS popenten under this name have 


Mad 


renal glycosuria and probably rep 
esent tubular resorptive deficiencies of 
both glucose and 
AMINOACIDURIA PLUS RENAL GLY- 
osuRIA. Of a recent series of 6 Cases 
hepatolenticular degeneration stud- 
ed bv ( ooper and his coworkers!", 3 
id renal glycosuria, and of 17 cases of 
Wilson's disease reported by Bearn and 
Kunkel*, renal glycosuria were present 
n 5. Pitts'® has demonstrated that the 
eabsorptive process of the 
enal tubules is distinct from that of 


mimo id 


lucose reabsorption. However, it is 
nteresting to note that in cases of Fan- 
ni syndrome studied by Dent!’ and 
Milne, Stanbury and Thomson‘? the 
lycosuria paralleled the levels of the 
minoaciduria. 

}. FANCONI SYNDROME. In addition to 
ie classical triple resorptive deficien- 
ies of glucose, phosphate and amino 
cids, patients with the Fanconi syn- 


drome may have defects in the reab- 
sorption of water and may manifest 
the characteristics of hyperchloremic 
acidosis and hypokalemia. 

Polvuria has been associated with 
some cases of the Fanconi syn- 
drome*?*44!.44.47) The volume of urine 
in these cases has been too great to 
be caused by an osmotic diuresis pro- 
duced by glycosuria or organic acid- 
uria. In none of them, however, was 
the urinary specific gravity as low as 
that re porte ‘d in diabetes insipidus. The 
polyuria reported in the case described 
by Linder, Bull and Grayce*! was un- 
affected by pituitrin injections. 

Hyperchlore mic acidosis has been 
reported in association with the Fan- 
coni svndrome by Sirota and Hamer- 
Milne, Stanburv and Thomson*? 
and Salassa and his coworkers*’. The 
investigations of these groups lend 
support to the work of Latner and 
Burnard®* suggesting that faulty bicar- 
bonate reabsorption may be the cause 

t hyperchloremic ac idosis. 

tare ilemia has been an occasional 
accompaniment of the Fanconi syn- 
drome*** but only a few patients 
have been investigated in respect to 
serum potassium levels. Hypokalemia is 
suggested by the clinical “— pre- 
sented by some patients with Fanconi 
svndrome. The patient of Stowers and 
Dent experienced “collapsing —inci- 
dents in which his legs seemed to give 
way under him.” The mistaken use of 
insulin carries a considerable risk of 
induced hypokalemia as does the glu- 
cose tolerance test. Fanconi** recorded 
symptoms electrocardiographic 
changes suggesting hypokalemia fol- 
lowing glucose tolerance tests in 2 of 
his patients. Debre and his associates" 
reported death following a glucose tol- 
erance test. Increased potassium ex- 
cretion was found in the cases des- 
cribed by Sirota and Hamerman*? and 
Milne and his coworkers*?. Both were 
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patients with hyperchloremic acidosis 
and the potassium diuresis was thought 
to be 


a renal mechanism for sparing 
sodium 


In several adult cases of hy- 
perchloremic continued loss 
of potassium has led to the typical fea- 


tures of hypokalemia"! 8.40 Tt is of 


acidosis, 


interest to note that in the patient re 
ported by Sirota and Hamerman*” os 
motic diuresis induced by glucose re- 
sulted in an increase in potassium eX 
cretion. This suggests that faulty reab- 
sorption of potassium may have been 
present. 

4. cystinosis. This is considered by 
most observers to be a variant of the 
Fanconi syndrome characterized by the 
widespread deposition of cystine cry 
tals in many organs. Renal glycosuria 
and hypophosphatemia may be present. 
Cystinuria is not a constant finding in 


cystinosis. Less than 


25 cases of cvs 
tinosis have been reported, most of them 
in the European literature, and cys- 
tine was demonstrated in the urine of 
only 5 of them. Clarke and Jackson" 
and King and Lochridge**® have report- 
ed cases in this country. 

The Fanconi syndrome is rare in the 
adult. 
been described. In their recent review 
Sirota and Hamerman*? mentioned 11 
previously recorded patients over the 
age of 13 and presented one of their 


only a tew such cases having 


own. Of these 11 cases, those reported 
by Milkman*®, Edeiken and Schnee- 
berg?*, Hunter®* and _ Fletcher?’, 
though suggestive of the Fanconi syn- 
drome, were not studied for aminoacid- 
uria and, therefore, cannot be consid 
ered to be fully documented. This is 
true of similar adult cases not 
included in this review which were 
previously reported as “glycosuric rick- 
or Milkman’s 
The first well documented adult patient 
appears to have been that of Stowers 
and Dent®® in 1947. Cases were subse- 
quently described by Cooke and his 


also 


ets” 
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associates’. Linder, Bull and Grayce"', 
Milne. Stanbury and Thomson", An 
derson, Miller and Kenny” 


and de 


and Lambert 
Heinzelinde de Braucourt*‘ 
Since the review by Sirota and Hamet 
adult case has 


Dragsted 


man*?, an additional 
been reported recently by 
and Hjorth? 

The following patient, the oldest ful 
criteria of the 


Fanconi svndrome, is presented at this 


filling the diagnostic 


time. 


Case Report. C. | 56-year-old whit 
idmitted to the Philadelphia Vet 
erans Administration Hospital 


male, was 
on February 26 


1953. He had been well until 2 months prior 
to admission, at which time he leveloped 
progressively incapacitatin pain in the low 


back associated with a 15 p und weight loss 


Review of symptoms by systems, past medi 
Were unreveal 


cal history and family history 


ing On physical examination. there was 


tenderness to percussion er the lumbar spine 


ind limitation of back motion A hard, wal 


nut-sized lymph node was felt in the left 
posterior cervical trian le. The remainder of 
the physical examination not remarkable 
Laboratory data are outlined in Tabk 
Routine blood counts were normal and_ the 
serological test for syphilis was negative. Many 
urinalyses were normal except for irving 
degrees of glycosuria. The urinary sugar was 
identified as glucoss ind 24-hour cretion 
weraged 1O gm. This oc rred in the pres 
ence of fasting blood sugar levels of 77 to 
107 mg. per 100. cc The lucose tolerance 
test was normal on 2 o ons. Renal func 


tion as measured by the il clinical meth 
There v no polyuria The 
blood calcium level was normal despite which 


ods Was il 


even on an intake of 40 to 50 mg. of cal 
cium daily, there was a 4 Sulkowitz test 
and an average of 140 m of calcium were 


daily The 


phorus was consistently low 


excreted serum inorganic phos 
Sodium, potas 
CO.-combining 


acid phosphatase wert 


sium, chlorides, power and 
normal The alkaline 
phosphatase was slightly elevated. The blood 
amino acid level was normal despite which 
there was a several fold increase In amino ac id 
Unfortunately, the 
spec ific amino acids excrete d we re not identi- 
fied by paper chromatography Or bioc he mical 
means. 


excretion above normal 


Roentgenograms revealed generalized bony 
demineralization (Fig. 1 Several linear 
fractures were noted in the ribs and scapulae. 


| 
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ipression of several lumbar vertebrae was 
ent (Fig. 2 
thin normal limits. 

\ cervical lymph node biopsy performed 
rtly after admission revealed an undiffer- 
All attempts to lo- 


d ade nocarcinoma 


the primary site of the lesion were un- 

ssful The patient’s course was progres- 

vy downhill and he expired 10 weeks after 
| 


PTABLE 2.—-LABORATORY 


Hemoglobin 
White blood count 


Urine 
Specific gravity 
pH 
Proteinuria 
Glycysuria 
Sediment 
24 hour output 
Sulkowitz test 
PSP excretion 
15 minutes 
30 minutes 


60 minutes 
Total 1 hour 


| rea learance 
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Electrocardiograms were 
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admission. Neither acidosis de- 
veloped. 

Examination at revealed carcin- 
oma of the body of the pancreas with metas- 
tases to lymph nodes, liver, lungs and heart. 


The kidneys were grossly normal. The para- 


urenila nor 


nec rOpsy 


thyroids were not hype rtrophied. 
confirmed — the 
diagnosis of adenocarcinoma of the pancreas. 


Microscopic examination 


DATA ON REPORTED CASE 
12 to 14 gm. 100 © 
41700 to 9600 comm 


1.013 to 1.025 
5.0 

0 

Oto 4-4 
Negative 

to 2000 


98°, of normal 


Plasma or serum concentrations 


Nonprotein nitrogen 
| rea nitrogen 
Creatinine 

{ ric acid 

Amino acids 

Fasting glucose 
Albumin globulin 
Sodium 

Potassium 

CO, combining power 
Calcium 

Inorganic phosphorus 
Acid phosphatase 
Alkaline phosphatase 


Cephalin flocculation 
Thymol turbidity 
Thymol flocculation 
Bromsulfalein retention 


Glucose tolerance test 
Fasting 
hour 
1 hour 
2 hours 
3 hours 


24 hour glucose excretion 
24 hour calcium excretion 


24 hour amino acid excretion 
Free amino acids 
\lpha amino nitrogen 


25 mg 
10 to j 
S img 100 
2.8 mg. 100 c« 
4.0 mg. 100 
69 to 107 mg 
$.85.1.30 gm 
140 mEq. L 

mEq L 

23 mEq. L 

0.9 to 11.4 mg 
1 to 2.8 mg. 100 cx 
+ Bodansky units 
+ Bodansky units 


100 


3 mg. 100 cc 


thine 


l 100 
2 

2 

6 
Negative 

0.3 units 
Negative 

3.5% 

77 mg. 100 cc 
146 mg. 100 ce. 
160 mg. 100 cc 


110 mg. 100 cc 
86 mg./100 ce 


10 gm. 


140 mg. 


37.4 millimol. 
523 mg. 


14 
25%, 
55°, 
906, 


Fig. | Roentgenogram of femur showing marked demineralization 


Fig. 2—Roentgenogram of lumbar spine showing marked demineralization and vertebra 


compression. 
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renerative changes were present in the 
oximal tubules of the kidney (Fig. 3), but 
glomeruli app ared relatively normal. Sec- 
ns of bone revealed generalized osteomal 
1. No bony metastases were present. The 
r was not remarkable except for the pres- 
of metastases. There was no apparent 
itionship between the underlying disease 
| the degenerative changes in the kidney 
| the manifestations of the Fanconi syn 


mie 


Therapy and Prognosis. Therapy of 
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and the activation of alkaline phos- 
phatase in the renal tubules. 

Alkalinizing regimens have been re- 
ported to produce favorable results in 
the treatment of hyperchloremic aci- 
dosis. Sodium citrate, citric acid and 
sodium bicarbonate are usually recom- 
mended for this purpose. 

If hypercalcuria is present, calcium 
should be administered orally. Potas- 
sium is indicated if hypokalemia exists. 


3.—Photomicrograph of kidney showing degenerative changes in the proximal tubules. 


ted toward the correction of the de- 
encies produced by the resorptive 
fects. Recently Salassa and his co- 
rkers* 


imin D 


found that large doses of 
100,000 units daily ) favor- 

modified the hypophosphatemia 
| high renal clearance of phosphate, 
glycosuria, the aminoaciduria and 
hyperchloremic acidosis in 2 young 
ents with the Fanconi syndrome. 
vy suggested that this is in accord 

Zetterstrém’s"? observations on 
relationship between Vitamin D 


Anderson and his coworkers® found 
that the administration of testosterone 
produced a decrease in the aminoacid- 
uria. This has some basis in animal ex- 
periments in which testosterone has 
produced enlargement of the kidney 
and hypertrophy of the proximal con- 
voluted tubules in certain species. 

The prognosis of the Fanconi syn- 
drome is variable. The juvenile cases, 
prior to 1943, reviewed by McCune, 
Mason and Clarke** had a high death 
rate. Death occurred as a result of de- 


: 


SO MYERSON, PASTOR: FANCONT SYNDROME AND ITS CLINICAL VARIANTS 


hydration, acidosis or intercurrent. in- syndrome is one of a fairly large group 
tection. The deposition of cystine in of disorders which have as their com 
vital organs is a serious complication mon denominator faulty resorptive 
and appears invariably to be fatal. function of the proximal tubules. Uni- 

With a better understanding of the factoral deficiencies involving faulty 
mechanism of the Fanconi syndrome — reabsorption of water, glucose, amin¢ 


the prognosis appears to have improv- acids. phosphate and possibly bicarbon 
ed. Only a few patients have been fol- ate result in the clinical syndromes of 
lowed for an appreciable length of nephrogenic diabetes insipidus, renal 
time. The patient of Sirota and Hamer- glycosuria, Wilson's disease (hepatolen 
man’- has been followed for 5 years ticular degeneration), cystinuria, and 


and those of Salassa and his coworkers*® possibly hyperchloremic acidosis. Mul 
for 1S months. The latter have im tifactoral deficiencies are more difficult 


proved remarkably on Vitamin D. to define but appear to include the Fan 
Summary. The Fanconi syndrome  coni syndrome and cystinosis. 

results from a defect in function of the The Fanconi syndrome is rare in the 

proximal convoluted tubules of the adult. A man, 56 years of age, is pre 


kidney leading to faulty reabsorption sented who fulfilled the diagnostic cri 

of glucose, phosphate, amino acids and _ teria of the Fanconi syndrome. 

occasionally water, bicarbonate and Some comments have been made o1 

potassium the therapy and prognosis of the Fan 
lt appears likely that the Fanconi  coni syndrome 
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THE discussion of myeloid metaplasia isohn and Palin® take a strong stand 

has to a singular degree the disadvan as to the leukemic nature of the dis- 


tages of contusion in terminology and 


varying conceptions ot its nature 
Block and Jacobson have estimated 
that the subject has appeared in the 
literature under 25 different names. Its 
nosologic position is also under dis 


pute, p irticularl,y 
leukemia \ 


have approached the top 


its relationship to 
contributions 
the 


lesions 


number of 
trom 
viewpoint of the osteosclerotic 
which have been noted as concomitant 
leukoeryvthroblastic an- 
Among the more comprehensive 
this category is that of 
und Erf! that 
Heuck’ first described mvelofibrosis in 
1879; the 


splenom« galy 


findings with 
articles 
Rosenthal They record 
patient in this report had 
leukocythemia, anemia 
and extramedullary hemopoiesis. In 


1940 Jackson, Parke 


described a series of cases which they 


and Lemon” 
grouped under the heading ot agno 
genic myeloid metaplasia. They men- 
tioned an occasional early polycythemia 
in this svndrome and described the 


bone marrow as normal, aplastic, hy 


perplastic or fibrotic. They considered 
that the 
leukemic 


Because of the marked alterations of 


picture was definitely not 


the peripheral leukocytes, particularly 
in the granular series, two conflicting 
the 
metaplasia have arisen. Heller, Lew- 


opinions on nature of myeloid 


turbance. With equal conviction many 
students of the subject have maintained 
that leukemoid in 
tvpe, particularly in view of the normal 


these changes ar 


maturation of myelogenous cells in the 
bone marrow. The former contend that 
clearly 


All au 


In agreement 


may at times not 


leukemic 


UNANIMOUS 


the marrow 
reflect the 


thors are 


process 
On 
the serious outcome of splenectomy o1 
even splenic irradiation 

While observers have been preoccu 
pied either in the separation of this 
svndrome from, or its identification 
with, leukemia, sufficient attention has 
not been given to a comparable patho 
logic state which accompanies or forms 
a sequela of polycythemia. The resul 
tant 


comparable if not etiologically related 


svndrome_ is morphogeneticall) 


to some instances of mveloid meta 
plasia. This nexus clearly exists in 
many published reports, though ob 


scured by the use of alternative desig 
the finally evolved disease 
1911, and Hirschfeld’, it 


described 


nations for 
Senator!, in 
1912. 
tion” in the spleens of some patient 


“mveloid transforma 
with polycythemia. Lang’ considere 
these cases as instances of extramedul 
lary hematopoiesis involving structure 
which generated myeloid tissue in th 
One of the first 
studies to link up polycythemia wit 


embrvo. clear-ci 


| 
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myeloid metaplasia was that of Minot 
ind Buckman''. They found that ex- 
tramedullary he ‘matopoiesis may occur 
in long-standing polycythemia and 
illed attention to the leukemoid blood 
picture and the appearance of mega 
karyocytic fragments in the peripheral 


blood In 


increment in spleen size occurred in the 


patients the considerable 


lute anemic phases of the disease. In 
one necropsied patient the spleen pre 
sented striking mveloid transformation 
which was difficult to distinguish from 
myeloid leukemia. Their final opinion 
was that the process did not resemble 
leukemia but possibly bore a relation- 
hip to the latter. 

Tinney, Hall and Gifhn'® found a 
leukemoid reaction in 15 patients with 
polycythemiz in whom the spleen was 
sreatly enlarged. In 5 of these the 
changes were so marked that the blood 
mears simulated myelogenous leu- 
kemia. Four of these 5 patients had 
survived periods varying from 12 to 
23 vears after the diagnosis ot polycy- 
themia had been made. The histology 
f the spleen is not mentioned in these 
irticles 

In thei eer on chronic nonleu- 
‘arpenter and Flory” 
lescribe a rare initial polycythemia. 


KEMIC losis, (¢ 


They consider the process distinct from 
eukemic myelosis due to the diversity 
f cell types in the metaplastic organ 
ind bone marrow and the almost con- 
tant presence of nucleated red cells 
n the peripheral blood. The freque nev 
ff osteosclerosis and myelosclerosis and 
the absence of characteristic leukemic 
nfiltration are also emphasized. They 
uote the views of Vaughan and Harri- 
on'®, The latter proposed a concept 
hat a single common stimulus might 
rovoke a multipotential reaction in the 
eticulum, affecting osteoblasts, fibro- 
lasts and hemopoietic cells. 

Dameshek* has described the late 
iges of polycythemia associated with 


; 
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myelofibrosis, marked splenomegaly 
and leukoerythroblastic anemia. He 
states that this picture resembles Jack- 
son, Parker and Lemon's “agnogenic. 
myeloid metaplasia” and similar syn- 
dromes described by other authors un- 
der various names. Dameshek* has also 
proposed a comprehensive hypothesis 
which groups and tabulates differences 
and transitions among iriety of 
mveloproliferative disorders; he postu- 
lates that the common link is some 
stimulus, at present unknown. 

In their study of nonleukemic myelo- 

Heller et al.® have occasion to con- 
the mechanism of extramedullary 
hemopoiesis in their cases though poly- 
cythemia was not a factor. They criti- 
cize the supposition that deficient he- 
matopoietic activity in the marrow 
produces the extramedullary myelo- 
blasts as a compensatory process. They 
state that in most cases the cellular re- 
action in the spleen was mainly leuko- 
poietic. In this regard it is noteworthy 
that Hirschfeld* commented on the pre- 
dominantly leukoblastic aspect of the 
myeloid transformation polycy- 
themia. In reconciling these views we 
prefer to restrict the compensatory 
types to those instances which are re- 
lated to bone marrow injury by known 
chemical exposure. 

The following case histories illustrate 
the development of myeloid metapla- 
sia of the sple en in rel itionship to poly- 
cythemia. In the first patient the syn- 
drome supervened upon a long initial 
phase of polycythemia. The second pa- 
tient did not come under clinical study 
until late in the course of the disease 
and the blood pattern was no doubt 
accentuated by splenectomy. 

Case Reports. Case 1. R. K., a Jewish 
female, aged 54 years, was admitted to the 
Graduate Hospital on November 27, 1947. 
She complained of loss of weight, weakness 
and shortness of breath. On examination, pal- 


lor, gallop rhythm and crepitant rales through- 
out both lung fields were noted; the spleen 
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extended down to the brim of the pelvis and 
the liver to the level of the umbilicus. <A 
chronologic summary of her past history is as 
follows 

She was first studied under hospital condi 
tions in March, 1953, at the age of 42. Her 
complaints at this time were redness of the 
skin, headache and vertigo. On examination, 
she had a blood pressure ot 135 mm Hg SVS- 
tolic and 95 mm. Hg diastolic, the spleen 
was palpabk ind tender 3 cm. below the 
left costal border. Blood examination reveal 
ed the hemoglobin to be 140%, erythrocytes 


BEIZER: 


85%, the erythrocytes numbered 4,250,000, 
and the white blood cells 16,700 per c. mm 
The differential count showed 80% segmented 
neutrophils with 2% premyelocytes The bone 
marrow revealed normal maturation of the 
myelogenous series with a shift to the right 
and moderate erythropoietic activity 

She was re-admitted in November, 1945, 
with a history of loss of 10 pounds in weight 
during the 2 weeks prior to admission. The 
spleen was enlarged to the level of the um 
bilicus; the liver was not definitely enlarged 
The hemoglobin was 9.5 gm. per 100° cx 


Fig. |] Biopsy ot spleen or x. & Large cells in center are megakarvocytes 


numbered 7,500,000 per c.mm. and _ leuko- 
cytes 12,800 per c.mm.; differential count of 
the white cells was normal. She was treated 
with phe nylhydrazine and received Roentgen- 
ray therapy over the splee n, iliac bones and 
femora. About 3 weeks later the hemoglobin 
had fallen to 92%, and the erythrocytes to 
4,850,000 per c.mm., though the leukocytes 
were 16,000 per c.mm. 
She was re-admitted in 1943, at the age of 
50 with the complaint of fatigability with- 
out loss of weight. The spleen was now 
6 cm. below the left costal border and the 
liver slightly palpable. The hemoglobin was 


erythrocytes 3,700,000, and leukocytes 25,000 
per c. mm. Mean corpuscular volume of the 
red cells was 90 cubic microns and mean 
corpuscular hemoglobin concentration was 
26.5%. No osteosclerotic lesions were found 
on roentgenograms of the skull and pelvis. A 
biopsy of the spleen was considered, but the 
occurrence of undue bleeding following ex- 
tractions of teeth discouraged this plan. 

On December 23, 1946, a laparotomy with 
biopsy of the spleen was done by Dr. S. 
Levine. Dr. Helen Ingleby gave the follow- 
ing pathologic report: 

The normal architecture of the spleen is 
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asional remains of a Mal- 
ot of the 


Some areas show 


body and 


mad 


Elsewhere the pulp presents numer- 


cells 


walls some 


in out 


whi h 


cells. The 


entrally | laced nuclei 


are many 
cells tend 
Many eosino- 


e giant lant 


and 


‘Ils 


ire found in Large 


some 


Ce 


ircas 


and reticulum 


the 
megakaryocytes 


( ells «ire 
They 
sometimes 


dark 


chromatin 


“lant 


lar irregular 
lei lotted 


in 
chromatin 
network 
large amount of pale cytoplasm 


with 


nowing a 


‘ e bluish granules on a pink 
roun In all 
Ve nt to 


are 


addition one finds 
mveloblasts 
‘| hie re 

mvelocytes 
ot 


normal 


from 
the ranular series 
osinophilic 
All 
erythroblasts 
re ee Many 


sinophils stages 
to 
rophage S 
material 


blood Much 
rent so seen extracellularly. 


vreen 
rived from 
following this biopsy was 

| for the recurring 
controlled 
At the time 
Hospital she 
rhe } 


SeVCTE 
by frequent 
came under our 
had had 
jective physical findings 


November 97, 1947, 


she 


37 
are 


revealed — the hemo 
er LOO ce., ervthrocytes 
eukocytes 41,700 pet 

packed red cells 


tiled a 


9 
hypo 
vt inemia with evidence. of 
was marked aniso 

to 
nd poly hromatophilia with a 


Phe re 

tendency microcytosis 

An occasional nor- 

\ me utrophilic leukocytosis 
marked toxic 

trophils, but verv little evidence of 


romila 


re were changes 
but re- 
asptr- 


smears Te- 


itelet were present, 


Bone marrow 
Direct 


ir preparations with a predom- 


was 


lature me utrophils Less than the 
ber of immature granulocytes were 
very few nucleated erythrocytes 
ntered. Those seen were all in 
blastic line \ few normal mega- 
were found. Subsequent blood 
imination of blood and bone mar- 
revealed no new information. The 


SEQUELA OF POLYCYTHEMIA 
erythrocyte count and hemoglobin increased 
slowly following transfusions. The leukocyte 
12,800 and 65,000 
mm. with a marked preponderance of 
toxic neutrophils, only an occasional myelocyte 


being seen. The erythrocyte picture remain- 


counts ranged between 


per c. 


ed the same. Reticulocytes ranged between 
3.5 and 10.6%. The blood proteins were 6.4 
gm. per LOO ce. total with 3.79 gm. per 100 


cc. albumin and 2.61 gm. per 100 ce. globulin. 


The blood uric acid was 8.1 mg. per 100 ce. 


Roentgenograms of the skull and pelvis re- 
vealed no abnormality 

Although almost moribund on admission, 
the patient responded to repeated transfu- 
sions and other symptomati measures. She 
was discharged February 16, 1948, her last 
blood count being hemoglobin 7.5 vm. pe! 


100 ce.: ervthrocytes 2,810,000; leukocytes 
LS.000 She then followed 
patient and transfused with concentrated red 


was as an out- 


cells at intervals of 2 or 3 weeks. 

Because of dyspnea and marked weakness 
the patient was readmitted May 10, 1948. Her 
physical findings wer essentially unchanged. 
There was marked pallor, the spleen occupied 
the entire left uppe! and lower quadrants 
and the liver extended slightly below the 
level of the On this admission, 
studies revealed hemoglobin 4.5 gm. per 100 
erythrocytes 1,420,000 per c. mm., and 
leukocytes 43,500 per « The peripheral 
blood smears were essentially unchanged. As- 


umbilicus 


ce. 


mim 


pirated bone marrow was hypocellular, but 
otherwise similar to that noted previously. 
Total proteins were 5.60 and 5.20 gm. per 
100 ce. with albumin 3.52 gm. and globulin 
2.08 gm. on the first occasion and 2.59 gm. 
on the second. Blood 
was 7.7 100 blood 
nitrogen LO LOO and the 
serum van den Bergh revealed negative di- 
rect and 0.3 mg. of bilirubin per 100 cc. on 
indirect reaction 

Treatment 
transfusions 


and 2.61 gm. per LOO cx 


uric acid ng per ec., 


urea per ee, 


again symptomatic with 
of concentrated red On 
June 8, 1948, she was discharged with hemo- 
globin 11 gm. per 100 cc., erythrocytes 3,- 
840,000 and leukocytes 14,600 per c. mm. 
She was advised té return to the clinic for 
further transfusions. This she did not do and 
died at home on September 8, 1948. 
Necropsy Report. Gross examination by 
Dr. Joseph E. Imbriglia (relevant findings 
only are given): An enormously enlarged 
weighing 2350 gm. was present. 
Splenic parenchyma was firm and hard; nor- 
mal architecture was destroyed. Areas of fibro- 
sis were noted throughout the parenchyma. 
Lymph nodes along the hilar region of the 


was 


cells. 


spleen 


(| 

| 
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spleen wert enlarged 6 to 10 times thei 
I si ind were firm in consistency. The 
surface had a bluish gray color; on section 


normal ly nph node architecture was lost. The 


parenchyma was gray in color interspersed 
wit! re of reddish vellow The latter were 
yinhead in size and were scattered uniformly 
thror t the lymph node. The para-aorti: 
lymph nodes showed similar changes The 
liver weighed 3680 om Interspersed in the 
liver parenchyma were noted pinpoint red 
Is low areas which stood out promine ntly 
{ t the pal hepatic paren hyma The 
urow of the sternum, vertebrae and 
ibs examined. It was of a pink olor 
ind rossly sclerotic 
NI | cle scription by Dr. A. Valde 
Wapet 
\ p! N The normal ;wnotonous 
ré e ot lymphocytes 1S replaced by 
remely varied issortment of cells 
\ these the most. strikin ire lara 
lt eated elements which corre spond to 
¢ ikal ytes. These are not strictly normal 
ill case overly large vesicular nuclei being 
In anv of the cells Other cells 
1 ( sinophilic and neutrophilic granu 
ill stages of maturation 
| Che spleen IS recognized is such 
these sections by the presence of charac 
terist mnective tissue trabeculac For the 
rest, tl normal landmarks ire erased There 


very marked engorgement of the 
Amo the 


sinusoids 


masses of crowded red cells. nests 


cells of ill tvpes 


nucleated | 


stand out. These are fre que ntly lox ited within 
Sint vid Megakarvocvtes ind mveloid cells 
ire very prominent. All degrees of maturation 
ybserved. Mature cells are abundant 
section * Bone Marrow The examina 
th t the sections of bone marrow taken 


ropsy show a diffuse hyperplasia The 
ells are not packed as they 
fatty has been 
crowded out of the picture 


would be in 
= 

Mla but tissu com 
On close 


pl tely 


examination there appears to be a predom 
inance of fairly large cells of the type which 
usually represent young elements but there 
is a fairly well distributed 


participation of 
cells. Megakaryocytes are like 
This could be described as 
nasslve hyperplasia ot all elements of the 
marrow. There is no evidence of osteo 


sclerosis in this section. 


red ind white 


numerous 


bone 
This of course does 
not rule out the possibility of areas of sclerosis 
in the 
General Summary: 


elsewhere osseous system. 


Myeloid metaplasia of 
| liver, left kidney and lymph nodes of 
the splenic hilar and para-aortic regions 


sple en 


ged 4 
April, 194 


vertigo ind occasiol 


ile 


CASI 2 \l | 


years 


jewish 
first seen by us 
complained ol spells ol 
attacks of unconsciousness He had been we 
until October. 1943. when he noticed a feeli 


4 pressure under the ribs on the left. si 


whe nN 


An enlarged spleer was noted in Januar 
1944, and was re ed in February of t 
Phe histolovk section ot t 


spleen and = the blood ounts were kine 
\leran ( \lt Su 


Sane veal 


supplied by Dr. Day 


Hospital who made t 


ot mveloid metaplas t the spleen The p 
operative bloo t revealed = tl he 
slobin to be 15.95 1. per LOO leuk 
cytes numbered 14,900 to 15,300 pel 
ind platelets 960.000 pet Red 
counts were not availabl 

The histologi ect Ss oF the spleen 
vealed iltered irchit ture s t the 
pighian bodies wer noticeable. 
cords ol Billroth iined The isuial Ivn 
oid pulp was repl by cells of the 
loid series partic lar etamvelocvtes 
morphonu lear neutroptl ils na eosin 
and tew mvel tes ropolesis 
slight ind Sore hvperemla ma reticular 
perplasia were present Slight fibrosis 
pigment granule present Nie ik 
cvtes were seen 

Qn examinatior April hye 
sented the typi il facies of polvevthemi 
normal blood pre re ind hepatic enla 
ment ot two hnge readths under the 
border. His blood nts during the 
vears fluctuate tween moderate 
cythemic normal ineml level 
highest red cell nt in this period “ 
million, and the | 3,020,000 per 
The lowering of tl red cell count coul 
ittributed in the n to the se of in 


tion the rapy, the 


om i ite ep 


the fall was associated with tarry stools 
signs suggesting internal hemorrhage. D 
his entire observation the peripheral | 


I 
1 } 


was leukemoid with white cells ranging 


39,000 to 84,000 per mm.: tvpical diff 


tial counts were neutrophils 85%, meta 


] 


evtes 7 premyelocytes mvelocytes 3 
lymphocytes 3 Normoblasts were 1 
present in moderate number; pl telets 
bered 656.000 pel mm 

Bone Marrow Examination Fairly 


lar; neutrophils 42%, eosinophilic polym 


3 neutrophilic metamvelocytes 28%. « 


philic metamyelocytes 19 mvelocyte 2 
lymphocytes monocytes norm 
11%, erythroblasts 6% and megakarvocyte: 2 


The appearance was not that of ler 


| 
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iew of the shift of the myeloid 
to the right 


ul irly Ith \ 


( rse When not controlled by irradia- 
the patient would lapse into the polycy- 
phase ushered in by increased ruddi- 

t the face, bleeding from the gums and 
rebral ianifestations described above. 
eceived transfusions in the anemic phases 


at home and necropsy was 


Comment rhe case histories of the 


vO patients here presented are not 


similar to those described by the 
thors quoted above. The transition 


m overt polycythemia to the spent 


id anemic stage or the late leuke- 


idl phase associated with mveloid 
inge in the spleen Is fairly clear if 
lowed consecutively over a period 


vears in the same patient as in Case 


n contrast the difficulty of construc- 
such a course in retrospect when 
patient is first seen in the late stage 
brought out in Case 2. The distor- 
1 of the clinical picture induced by 
enectomy in the latter cannot be 
ied 
Discussion. A suitable classification 
mportant in the clarification of any 
iect. For reasons stated at the out- 
this has been particularly difficult 
nyeloid metaplasia. The classifica- 
proposed by Block and Jacobson! 
mong the more recent and satisfac- 
ones. They divide the condition 
two general types, primary and 
ndary. In the secondary group are 
ed cases with metastatic carcinoma, 
bl bone disease, tuberculosis, 
lofibrosis osteosclerosis. The 
osteosclerosis and 
cythemia is included in their table 
12 cases of myeloid metaplasia. 
therefore, 


e second: iry group. 


bination — of 


ce the mveloid metapl isia of the 


R. K., of our report and many 


in the literature stems as a 


ela rather than a complication of 


vthemia we would prefer to make 


place this syndrome 


a special category of this type. The 
classification which would be a slight 
modification of that of Block and Ja- 
cobson, would be as follows 

Primary 

2. Secondary 

a) probably related to chemical 

exposure 

b) metastatic carcinoma with in- 

vasion of bone marrow 

c) tuberculosis 

d) marble bone disease 

e) osteosclerosis unrelated — to 

polycythemia 
3 AS a sequela of polycythemia 
(with or without osteosclerosis ) 

The primary group is self-explana- 
torv and would make the use of the 
term “agnogenic , unnecessary. This is 
particularly desirable since of 
the earlier reported instances of agno- 
genic myeloid metaplasia were later 
shown to be related to exposure to in- 
dustrial solvents such as benzol. The 
latter can therefore be conveniently 
placed in the secondary group. 

The osteosclerotic subdivision of the 
secondary group offers a special diffi- 
culty due to the overlapping of such 
topics as osteosclerotic anemia and 
myelofibrosis either of which has been 
described with late stages of polycy- 
themia and also in patients with no his- 
tory of polycythe mia. addition, 
myeloid metaplasia may or may not 
lave been associated with these bone 
lesions. Some writers have discussed 
this as a special topic. In the main 
these articles deal with myelofibrosis 
and osteosclerosis from the viewpoint 
of primary bone disease. Where 
polycythemia has also been noted it 
has been included as a subgroup of 
the bone disease. In those instances in 
which osteosclerotic lesions have su- 
pervened in the late stages of polycy- 
themia a compensatory or vicarious type 
of extramedullary hemopoiesis has not 
seemed surprising. It has been accept- 
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ed as an expression of the unrestrained 
stimulus to all components of the mar- 
row with a reversal to an embryonal 
torm of blood formation. It is possible 
that the same explanation holds for 
such cases where a hypoplasia of the 
marrow occurs even in the absence of 
mvelosclerosis or mvelofibrosis. How 
ever, in Our patient (R. K.) though the 
marrow at necropsy had the gross ap- 
pearance of hypoplasia, marrow aspira 
the last months of her 


illness showed satisfactory erythropoie 


tions in few 
sis and granulopoiesis 

In other instances, the vigor of the 
ap 


This OC 


marrow seemed unimpaired and 
peared red and hyperplastic. 
curred in a patient, a woman aged 42 
vex Stone and Wood- 


She was studied over a period 


irs, described by 
man 
ot 13 vears and exhibited 3 phases: l 
original polycythemia; 2 
with leukocytosis: 
3) terminal leukoerythroblastic anemia 
She exhibited no bone lesions In life 
At ne- 
red marrow was present along 
length of the femur and the 


showed 


transitory 


secondary anemia 


by Roentgen-ray examination. 
Cropsy 
the entire 
active 


ribs also 


red marrow. 
The spleen weighed 870 gm. and ex- 
hibited foci of erythropoietic and gran- 
ulopoietic 


karvocyte 


tissue with scanty 


mega- 

The present phase of interest in hy- 
persplenism has been reflected in a 
more positive approach to the manage 
ment of the late stages of myeloid meta- 
plasia. In such instances, manifesta- 
tions of hypersplenism such as hemo- 
lytic anemia or thrombocytopenia may 
endanger the patient's life. The former 
discouraging opinions as to the advisa- 
bility of splenectomy mentioned at the 
outset y have to be modified. Re- 
cently, Green, Conley, Ashburn and 
Peters® have reviewed the literature 
and their own records. On the basis of 
this analysis they consider that splen- 
ectomy be 


may 


may useful in some cases 


STEINFIELD, 


BEIZER: 


where thrombocytopenia has appearec 
in the late stage of myeloid metaplasia 
The operation is less effective in amel 
We 
have 
be made in such complications as mark 


iorating hemolytic anemia. als 


believe that this decision may 


ed thrombocytopenia, though confines 
to those patients in whom the bon 
marrow is active and contains ad 
quate numbers of immature megaka 
yocytes. In critically ill patients wit} 
hemolytic svndromes, the use of Roent 
gen therapy over the spleen as an em 


be 


We have occasionally employed thi 


ergency measure may considered 
method in critical hemolytic syndrom 
of the lymphomas and leukemias as 
temporary expedient until conditions 
warrant a more definitive procedur 
In some patients in whom the my: 
loid metaplasia has seemed to be i 
to 


trom osteosclerosis, there has appeare 


response marrow  encroachmet 
on closer analysis a disparity betwee! 
the extensive extramedullary hemopoi 
sis and rather moderate bone change 
to believe, though 
is not susceptible to proof that tl 


of 


evthemia. However. Block and Jaco 


We have reason 


may characterize some cases pol 
son' hold a contrary view. They belie 
that the histologic and clinical ma 
festations of myeloid metaplasia 
essentially similar despite varied et 
logic factors. 

Finally as a practical diagnostic c 
that 


metaplasia as a sequela of polycythen 


sideration believe mvyel 


is suggested by the following circum 
stances: 

a) A prolonged history of poly: 
themia, in some instances 10 to 20 years 


b) Massive splenomegaly 


Cc \ leukemoid bloof picture with 
normoblasts and bizarre or giant plat: 
lets in the peripheral blood sme: 
anemia is usually present except in 


those instances where splenic puncti 


MYELOID METAPLASIA AS A 


is revealed the syndrome during the 


lycythemic stage. 
d) Osteosclerosis. 
( The bone marrow exhibits a shift 
the mature side of the granular 
ries with no leukemic hiatus or shift 
the immature components as in leu- 
hla 
Summary. The subject of myeloid 
taplasia is discussed with particular 
ference to the type which appears 
i late sequela of polycythemia. 
lhe case histories of two patients 
described. One of these, a woman. 
esented the manifestations of polv- 
themia vera at the age of 42 and 
studied at intervals for 13° vears 
reatter \I veloid metaplasia 
ssive splenomegaly were found to be 
esent in the last 2 vears of her life. 
lespread mveloid metaplasia was 
nd at necropsy 
\ working classification of mveloid 


iplasia is proposed based upon that 
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of Block and Jacobson with slight 
modifications. It makes the use of the 
term “agnogenic’ unnecessary; it in- 
tegrates myeloid metaplasia with the 
subject of myelofibrosis and osteoscler- 
OSIS. 

In a patient with long-standing 
polycythemia, the possibility of mye- 
loid metaplasia is suggested by: mas- 
sive splenomegaly; a leukemoid blood 
picture with anemia, normoblasts and 
bizarre or giant platelets in the pe- 
ripheral blood: osteosclerosis. Leu- 
kemia is ruled out by bone marrow ex- 
amination which shows a shift to the 
mature side of the granulocyte series 
and no leukemic hiatus. Splenic biopsy 
or puncture may confirm the diagnosis. 

The former teaching that splenec- 
tomy or irradiation to the spleen is 
harmful may in an occasional instance 
be altered by the complication of hy- 


persplenism. 
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STUDIES ON THE CONTROL OF HYPERTENSION BY HYPHEX. 


ll. PHARMACOLOGICAL AND CHEMICAL OBSERVATIONS 
ON 1-HYDRAZINOPHTHALAZINE 
By H. Perry, |r., M.D.° 
INSTRUCTOR IN MEDICINI 
AND 
Henry A. SCHROEDER, M.D 
ASSOCIATE PROFESSOR OF MEDICINI 
WITH THE TECHNICAL ASSISTANCE Ol 
Gay S. GOLDSTEIN 
AND 
Epna \EENHARD 
(From the Hypertension Division, Department of Internal Medicine, Washington Universit 
School of Medicine, The Oscar Johnson Institute and Barnes Hospital Saint Louis, Missour 
under grants-in-aid from the National Heart Institute, United States Public Health Servic 
Ciba Pharmaceutical Products, Incorporated; and the Lasdon Foundation 


It has been shown that continuous 


oral administration of a combination of 
hexamethonium chloride and 1-hydra- 
zinophthalazinet lowers the blood 


pressure of hypertensive patients for 
10.11.14.15 


considerable periods ot time 


Moreover, hydrazinophthalazine, a 


highly reactive compound, apparently 
Because 
of the possibility that direct chemical 
reactions with certain substances might 


occur in the human body the pharma- 


causes collagen diseases! 


cology and chemistry of this substi- 
tuted hydrazine were explored. 
Pharmacology. The effect of 1 


hydrazinophthalazine on the potency 
of several pressor substances was as- 
sayed by intravenous injection into 90 
anesthetized rats, 
manomete! 
blood 


Sanborn electro- 
used to 
directly. The pressor 
activity of each was reassessed after 1 


a 
being measure 


pressure 


to 20 mg. of intravenous hydrazinopl 
thalazine (Table | 
were similar in 8 renal hypertensiv: 


Pressor respons 


and 10 normotensive animals, althoug! 


the fall of 


by hydrazinophthalazine was consid 


diastolic pressure 


erably greater in the former (averag 


56 mm. Hg) than in the latter (aver 


age mm. ). 
INDOLIK ANTINES 


tryptamine and 5-hydroxytryptamir 
(as serotonin creatinine sulphate ) it 
enhanced or little altered after hvd: 


had 


large at ses 


zinophthalazine been inject 
Even very of the dr 
60 to 80 mg. per kg.) did not con 
pletely inhibit the responses. Mere mi 
ing of tryptamine and the agent had 1 
cffect on the vasoactivity of the forms 
although incubating them together 

70° C. and pH 3 reduced it. Before t! 
hydrazine was given the pressor 1 


* Life Insurance Medical Re search Fellow 
tHydralazine, trade name “Apresoline” (Ciba Hyphex refers to the combination of tl 
two drugs used according to the method described!0.11.14.15 
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PERRY, SCHROEDER: 


sponse to serotonin was irregular in 6 hibition. The diminution of the phys 
normotensive rats, an initial depression ologic effect of arterenone (the Bea 
being followed by a return to control bonyl derivative of nor-epinephrin 

levels or a rise above them (average was intermediate between phenylethy 

diastolic rise 10 mm. Hg); however in6 amine on the one hand and tyramin 
hypertensive animals the depression and nor-epinephrine on the other. 
occurred after only 1 of 11 injections order to check the difference between 
and the pressor response was uniform phenolic and indolic amines, the 

(average diastolic rise 46 mm.). Tryp- types of compounds were injected a 
tamine was more regularly pressor. ternately into S animals: increasin 


APRESOLINE BLOCKADE OF PHERENTASIN 


130 
120 
110- 
100- 
90-4 
E 
704 
6044 
€ 
4 
5 
& < o 
0 5 10 15 20 25 30 3 40 45 
Minutes 
Fig At O minutes, after a control pe riod of 20 minutes, 1.0 unit of pherentasin previon 
found active was injected intravenously into a rat, with the response of systolic and diast 
pressure shown. At 10 minutes 1.0 mg. of 1-hydrazinophthalazine 5968) was injected intr 
venously, resulting in an immediate fall of blood pressure. A subsequent injection of 2.0 mw 
yf pherentasin caused little response; however, 1.0 unit of angiotonin was pressor At 35 
nutes 5.0 mg. of 5968 was injected; the response to another unit of angiotonin 5 mim 


later was not inhibited 


PHENOLIC AMINES. Unlike indolic doses of hydrazinophthalazine inact 
amines, their phenolic counterparts vated only the former. 


were physiologically blocked by hydra OTHER PRESSOR SUBSTANCES. The pre 
zinophthalazine. The pressor activity sor response to iso@mylamine was ab 
of phenylethylamine was usually mark- _ ished after large doses (60 mg. per kg 


edly reduced by 5 mg. of the anti- of the hydrazine, but quadrupling t! 

hypertensive agent. To inhibit tyramine amount of amine caused a significant 
and nor-epinephrine took somewhat return of response. The vasoactivity 
larger amounts, and even so, doub- angiotonin was sometimes lessened | 
ling the amine broke through the in- never completely abolished by prio 


PABLE 2. HYDRAZINOPHTHALAZINE BINDING AS DETERMINED BY 
INHIBITION OF NINHYDRIN COLOR* 


Final Control 
Milli- Optical Optical Optical Density 
Material molarity Density Density Depression 
AMINES 
Methylamine 1.0 1.320 1.300 < 0.05 7.e., none 
n-Propy lamine 1.0 1.125 1.165 
lsoamylamine 1.0 1.320 1.360 
Ethanolamine 1.0 1.175 1.220 
Fyramine & Tryptamine 1.07 1.185 1.200 
Arterenone 1.0 1.252 1.232 
Angiotonin] 2.5 units/ec. 1.233 1.195 
Glycine, glutamic acid, tvrosine, 
& arginine 2.07 1.217 1]. 222 
Alanine 1.0 1.201 1 222 
Serine 2.0 1.243 1. 222 
MERCAPTANS 
Cystine 2.0 1. 267 1.278 0.05 
Cysteine 1.0 0.902 1. 20] 0.299 
Glutathione $0 1.310 1.278 <0.05 
Reduced Glutathione +0 1.168 1.278 0.110 
8Mer« aptopropionic acid 1.0 1.017 1.201 0.184 
BMer« aptopyruvic acid 1.0 0.172 1.201 1.029 
Phioglycolic acid 2.0 0.20) 1.180 0.979 
Phiomalic acid 2.0 0.098 1.252 1.154 
Thiomalic acid 0.20 0. G02 1. 252 0.650 
2.3 Dimercaptopropanol BAL 2.0 0.187 1.252 1.065 
} thyl mercaptan 2.0 0. 6382 1.252 0.620 
CARBONYL GROUPS 
Glucose 10 1.183 1.179 <0.05 
Lactic acid 10 1.130 1.179 <0.05 
rKetoglutaric acid 1.0 1.218 1.278 0.060 
Propionic acid 1.0 1.187 1.201 0.05 
Pyruvic acid 1.0 0.670 1.201 0.531 
Acetaldehyade 2.0 0.182 1.180 0.998 
STEROIDS 
Calciferol 0.10 1.219 1. 260 0.05 
Dehvdrocorticosterone acetate 1.0 1. 287 
Cholesterol 100 1.307 
Estrone 0.70 1 259 | 
Digitoxin 2.5 1.335 1.370 
METALS i 
Lit, Na*, K*, Be**, Mg?*, & Ca 1.215 1.185 <0.05 
Zn Pb 1.07 1.155 1.160 
Cd 1.0 1.378 1.370 
ar’, As 1.07 1.183 1.160 | 
\ 0.01 0.240 1. 260 1.020 
\ 1.0 0.940 1. 260 0.320 
\ 10 0.0 = 0.025 1.315 complete 
\ 1.0 0.860 1.315 0.455 
Cr 1.0 1.1838 1.160 <0.05 
Mn 10 0.150 1.160 1.010 
Mn 1.0 0.848 1.160 0.312 
Fe 10 0.910 1.160 0.250 
Fe 1.0 1.037 1.160 0.123 
Fe 10 0.0 + 0.025 1.160 complete 
Ke 1.0 0.215 1.160 0.945 
Fe 0.10 1.050 1. 260 0.190 
Co 1.0 1.155 1.160 <0.05 
Ni 10 0.690 1.315 0.625 
Cu 1.0 0.0 + 0.025 1.160 complete 
Cu 0.10 0.510 1.260 0.750 
Ag 1.0 0.195 1.315 1.120 
Sn 10 0.0 + 0.025 1.315 complete 
Hg 1.0 1.100 1.315 0.215 


* 50 ce. of test material plus 0.50 cc. of approximately 0.01 molar hydrazinophthalazine plus 0.30 ce. 
ninhydrin in isopropanol made to pH 3.0 with glacial acetic acid, heated for 7 min. at 70° C., cooled, 
tracted with an equal volume of chloroform, and read at 460 my. on the Beckman spectrophotometer. 

Concentration is with respect to each substance listed. 

Definite chemical combination with a solution of angiotonin supplied as the lyophilized solid was 
monstrated in 2 experiments by depression of optical density to 0.376 for an approximately 2mM. 
ution (on the basis of a molecular weight of 523). No combination could be demonstrated in more 
ent experiments using angiotonin supplied as a solution. 
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LOU) PERRY, 
injection of the drug (Fig. 1). Heating 
the angiotonin to 70° C. at pH 3 for five 
minutes did not its activity; 
but heating with the hydrazine at this 
pH rendered it 
tasin®?' 


decrease 


less active. Pheren 


was no longer active when 


given to rats pretreated with 1.0 mg. 
ot intravenous 
Fig. ] 


pert anadyl ion 


hydrazinophthalazine 
Phe pressol activity of the 
a prolonged pressol 
substance in the rat, similar in its vaso 
activity to pherentasin, was inhibited 
in vivo by 5 mg. of the drug, per- 
haps by reduction of the metal. The 
effect of cadmium, a shorter acting sub- 
stance, was also abolished. Of the pres- 
sor agents used, chemical evidence of 
in vitro interaction with hydrazinoph- 
thalazine was obtained only for angio- 
tonin and 
Table 2 
The usual depressant action of in- 
travenous hydrazinophthalazine on the 


normal rat failed to appear when the 


pentavalent vanadium 


compound was mixed with pyruvate, 
but 
tion 


t was not diminished by incuba 
with Much than 
stoicometric amounts of ferric, cupric 
and pervanady| ions failed to block the 
vasodepression — of hydrazinophthala 


first, at least, seemed 


cysteine less 


zine; however the 
to inhibit the 
response in the 


typical nor-epinephrine 
animals. Pyruvate was 
not similarly sympatholytic and cys- 
teine only dubiously sO. 

Chemical Reactions. MERCAPTANS. In 
vitro interaction between therapeutic 
concentrations of hydrazinophthalazine 


and physiologic concentrations of sulf- 


determined by 
the test 


Binding wa measuring the 


the presence of material. 


SCHROEDER: 


hydryl radicals, carbonyl groups, and 


certain metallic ions have been de- 
scribed®:7, Evidence of actual combina- 
tion in body fluids has been obtained 


only tor mercaptans, which were 
found bound to the drug in urine®.* In 
another paper it is shown that the ratio 
of free drug to “bound” drug gradually 
rose as therapy continued’. An in vitro 
reaction was demonstrated between hy 
drazinophthalazine and the mercaptans 
tested. On the other hand, the disulfides 
seemed inert (Table 2). Beta sulfhydryl! 
and alpha carbonyl derivatives of pro 
pionic acid reacted with hydrazinoph- 
thalazine; whereas alpha amino deriva 


(Table 2 


COMPOUNDS 


tives did not 

CARBON YI since a reac 
tion between hydrazinophthalazine and 
carbonyl groups might be manifested 
by a fall in the circulating pyruvate, 
plasma pyruvate concentrations were 
the method of Fried 


man and Haugen*. The mean value was 


determined by 
1.26 with a standard deviation of 0.17 
mg./100 cc. for 10 untreated hyperten 
sive patients and 1.26 with a standard 
0.19 ce. tor 10 
patients on adequate doses of Hyphex 
The 


mav have been due to the disparity be 


deviation of mg 


absence of measurable change 
tween the concentration of pyruvate and 
that of hydrazinophthalazine in blood: 
the former concentration was of the 
140 uM/L. and the latter did 
not ordinarily »M/L.”. Total 


carbonyl levels were also measured by 


order ot 


exceed 


authors’. The 
tor 6 


the method of the same 


averages for 6 untreated and 


inhibition of the ninhydrin-hydrazine color in 


A standard color was developed according to methods that 


will be described®, and compared spe¢ trophotometrically with the color obtained after incuba 


tion with th compound to be assaved 


As a control, ninhydrin was allowed 


to react with amine 


in the presence of the test compound in order to exclude the possibility of the inhibition being 


mediated via 


the hydrazine was indicated by the 


ninhydrin rather than hydrazine. 
reversibility of the process in the 


Combination with rather than destruction of 


presence of heavy 


metals with a high affinity for sulfhydryl compounds. Since the entire expected opacity 


ippeared in tl 
its effect by 


iltering the water-chloroform partition coefficient of the complex 


le aqueous medium used to ce velop the color. none of the test compounds had 


To disprove 


the possibility of an effect on the equilibrium of complex formation without actually combining 


with one of the reactants is more difficult. 


ST 


STUDIES ON CONTROL 
treated persons were 3.51 and 3.93 mg. 
100 ce. of plasma respectively. In 
vitro interaction was demonstrated for 
and acetaldehyde but not for 


and probably not for a-keto- 


pel 


pyruvate 


OSC 


lutarate (Table 2). 

No in vitro reaction could be shown 
between —hydrazinophthalazine — and 
steroid substances. Those tested in- 


cluded cholesterol and several contain- 


In?’ carbonyl groups Table 2) 


METALS. Substituted hydrazine re 
cted with certain heavy metals. The 
kali metals and the alkaline earths 
is well as zine and. several others 
proved inert. On the other hand, the 
elements with atomic numbers from 25 
to 29, including the transition group, 


extents. The inter- 
iction was most marked with the cupric 


ion whereas it could not be proven Ww ith 


reacted to Varying 


the cobaltous ion. Ferric and pervan- 
dvyl ions prevented all color formation 


by oxidizing the hydrazine with the 
evolution of gas.° Ferrous iron, in dilu- 
tions low as 10 micromolar, gave a 


characteristic pink color with the drug, 
vhich was apparently due to forma- 
tion of a complex ion that migrated to 
the cathode in an electric field. 
Clinical Findings. Despite the lack 
f obvious interaction between hvdra- 
inophthalazine and the entire choles- 
terol molecule, there was a rapid fall 
1 total serum cholesterol after the in- 
eption of therapy; however, when 
treatment was maintained for 6 months 
the level tended to return to 
initial value (Table 3). Within 30 
of the all but 3 
consecutive cases showed de- 
in cholesterol; the mean change 
$] per 100 ce. Despite the 
entual rebound none of the 10 pa- 


r more 


lays starting drug, 

29 
ine 


mg. 


An excess of ferric ion liberated 0.84 mg. 
ndard te mperature 
idation of the 
n to the ferrous state. 
rected to standard temperature 


th nitrogen atoms of the 


hydrazine. 


HYPERTENSION 


and pressure) per millimole of hydrazinophthalazine. 
terminal nitrogen atom of the 
Pervanadyl ion liberated 1.58 mg. 


BY HYPHEX H)] 
tients with more than 275 mg. per 100 
initially showed a return to within 
25 mg. per 100 ce. of the control value. 

In view of the action of phenylhy- 
drazine, e rythroc yte 
globin determinations obtained imme- 
diately before therapy were compare d 
weeks to 2 
consecutive 


ce, 


counts and hemo- 


with values found after 
patients, 2 were excluded because they 
had less than 4 million red blood cells 
per ¢.mm. prior to taking hydrazinoph- 


vears of treatment. 52 


thalazine. Among the remainder there 
was a tendency for moderate anemia 
to develop. The effect was maximal 


after 1 to 3 months of continuous drug 
thereafter it continually les- 
sened, — negligible after 
vear (Table . The anemia was ap- 
parently and normochromic 
the average diminution of 1.41 
gm. per 100 ce. of hemoglobin corres- 
ponded to a mean decrease in erythro- 
cytes of 0.446 million per c.mm. giving 
@ mean corpuscular he moglobin in the 


ingestion: 


a 


since 


vanished cells of 31.6 yy. 
Because of affinity between hydra- 
zinophthalazine and the transition 


elements, iron, copper, and 
cobalt were fed to hypertensive pa- 
tients. Patients who had been on Hy- 
phex for a year or more and whose 
blood pressures and medication were 
stabilized made a sensitive test system 
for antihypertensive agents. A potent 
drug altered their need for hexameth- 
onium ion they automatically 
changed their intake in an attempt to 
maintain their previous blood pressure 
level. Preliminary clinical observations 
on 6 patients so stabilized suggested 
that a daily supplement of 50 mg. of 
cobalt and 50 mg. of pyri- 
doxal decreased the hexamethonium re- 


group of 


and 


chloride 


(9.4 of corrected to 
This suggested 
with concomitant reduction of the 


. of Ne 


atoms of nitrogen ce. 
hydrazine 
atoms of nitrogen (17.7 c« 


and pressure) per millimole of drug, apparently oxidizing 


rABLE 3.—DIMINUTION OF CIRCULATING CHOLESTEROL AND HEMOGLOBIN 
IN 50 PATIENTS* DURING HYPHEX THERAPY 


Part 1. CHOLESTEROL 
Days after Beginning 1-hydrazinophthalazine 


0 to 30 1 to 90 91 to 180 181 to 365 wer 365 Total 
Number of cases 21 5 13 6 5 50 
Mean diminution +) 60 50 | 0 36 
mg./100 ec. in serum 
No. consistent 18 1] 
Number of cases 9 1] 
Mean diminution 46 l 
mg./100 cc. in serum 

Part 2. HEMOGLOBIN 
Number of cases] 2 10 16 12 10 0 
Mean diminution 1.15 2 02 1.55 1.37 0 69 1 4] 
gm./100 ce. in blood 
No. consistent 2 10 14 1] 6 
* The first 50 consecutive instances for which the data were available 
2 cases in which the control plasma cholesterol values were 106 and 123 mg. per 100 cc. were ex 


cluded; no other values were less than 170 mg. per 100 cc. and there were no other exclusions 
2 cases in which the control erythrocyte values were less than 4 million per ¢.mm. were excluded 
there were no other exclusions 


rABLE 4.—EFFECT OF ORAL COBALT ON THE BLOOD PRESSURE AND HEXAMETHO 
NIUM REQUIREMENT OF HYPERTENSIVE PATIENTS TREATED WITH HYPHEX 


During Daily Administration of 


to 60 mag. obalt 


Days for Whicl 


Before Cobalt B.P. and Dose 
tre Averaged De 
mg Numbered fron mg 
(,/day Start of Cobalt BLP day B.P (,/day 
M. D.* 144/93* 3.124 22-42 139/91 0.90 neg 72 
E. M.* 133 84 1 94 22-42 13281 1 84 neg. 4 5 
a," 180 103 1.86" 22-28 171 106 1.60 ll ‘neg 14 
J. L." 160 992° 2. 29°5 22-28 161 101 1.96 leg. ‘neg 14 
L.H.* 157/82 1.44 13-56 155 78 0.88 eg./5 
M. B.* 1669525 0. 9325 8-14 157 91 0.79 15 
B. B.** 142 86 2 41 5-10 131/78 1.09 89 55 
H. D.7 161/102 1.00 11-14 11482 0.08 29 20 92 
232/139 60-65 153/92 3434 


Superscripts after blood pressure values and hexamethonium dosages indicate the number of days 
for which pressure readings or medication were averaged. The pressure was determined and the drug 
taken five times each day. “Neg.” in the seventh column indicates a change of less than 3 % 

* Each patient had received Hyphex for at least one year. This was sufficiently long to produce : 
constant mean blood pressure with a constant average dose of both drugs The month or 6 week 
immediately before cobalt therapy was used as the control (Before Cobalt During this time a dail) 
“vitamin capsule” containing 50. mg. of pyridoxal was given; no significant change in pressures or drug 
requirement was noted At the end of this period an additional daily “‘vitamin capsule” containing 
50 mg. of cobalt chloride was begun. Otherwise nothing was altered. No symptomatic changes 0¢ 
curred. The hydrazinophthalazine intake remained the same 

** B. B. began Hyphex 3 weeks before cobalt. During both the control week and the 10 days of 
cobalt therapy, the hydrazinophthalazine dosage remained 0.45 gm. /day 

+ H. B. was rehospitalized for weakness 3 days prior to the onset of cobalt administration. Het 
hydrazinophthalazine dosage remained 0.6 gm./day until discharge. Hyphex had been started 9 months 
previously 

t Because collagen disease was suspected, M. C. stopped Hyphex 4 months before beginning cobalt 
During the 5-day control period no medication was taken. She took 50 mg. of cobalt chloride a day for 
28 days and then stopped. Because there was no hypotensive effect she took 40 gm. of hexamethoniun 
chloride during the next 22 days. Whereupon her blood pressure fell so that for 10 days she took n 
drugs of any kind. During the next 5-day period which, for convenience, is listed in the table under 
“During Cobalt” she continued to take no drugs of any kind. Her pressure during this interval is th 
more remarkable since between 3 and 5 gm. per day of hexamethonium chloride alone had not kept he 
systolic blood pressure below 200 mm. Hg 2 months before metal therapy. 
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juirement by 25% (Table 4). Similar 


lata are tabulated for 3 other patients 
vhere the effects of cobalt were more 
triking but where other variables may 
ive affected the results.° 
Discussion. The widely used drug, 
hydrazinophthalazine, proved to be 
highly reactive in vitro. It had no affin- 
ty for the common alkaline earths, 
kali metals, or zinc, but it reacted 


with iron, manganese, and copper 


vhich are necessary for certain enzy- 
natic processes Furthermore, the hy- 
izine group was a carbonyl reagent. 
od lition it reversibly bound aliphatic 
iercaptans, perhaps as organic sulfides. 
Unfortunately little is known of the 
harmacology of hydrazinophthalazine 
ther than that it is a vasodilator of 
nic action, especially involving 
lood flow through the kidneys'*. In 
the rat, at least, the pressor action of 
he primary amines that would result 
m decarboxylation of naturally oc- 
rring amino acids is diminished only 
amounts of drug far in excess of 
erapeutic levels.t If there is such a 
enomenon as “nonspecific” inactiva- 

n, all of the organic compounds 
ted, with 2 exceptions, could be con- 
lered to be so inactivated. One of 
se exceptions is pherentasin obtain- 
trom extracts of hypertensive blood, 
ich became comple tely inert after 
erapeutic doses of the hydrazine. 
vated blood pressure fell after in- 
tion of the drug or failed to rise 
n both the drug and the pressor 
terial were given together. Pheren- 
believed to contain a carbonyl 

ip; whether or not direct chemical 


] 
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known. The 
other exception is indolic amine, either 
hydroxylated or not, the pressor ac- 
tivity of which was enhanced. We can- 
not ‘explain the discrepancy between 
nt reported inactivation of serotonin 

5-hydroxytry pti imine) by hydrazin- 
ophthal wine in the dog’? and our re- 
sults in rats other than on the basis 
of species specificity. 


combination occurs is not 


The mild anemia which almost al- 
wavs followed the administration of 
substituted hydrazine may be related 
to loss of iron or copper for which this 
agent has a strong affinity. This de- 
gree of anemia has not been observed 
in patients taking hexamethonium ion 
alone. That it regressed despite the 
continuance of therapy suggests that 
drug sensitivity was not involved. The 
fall in total cholesterol is unexplained; 
it is presumably not due to direct 
chemical) combination between the 
drug and the entire cholesterol mole- 
cule. Studies of liver function in 50 
patients failed to disclose any evidence 
of hepatocellular damage. 

The nephrogenic component of hy- 
pertension is blocked by a vi aried array 
of subst: mces whose only obvi 1us com- 
mon characteristic is an affinity for 
certain metal ions. These are hydra- 
zinophthalazine, thiocyanate, tetraso- 
dium pyrophosphate"™, dimercaptopro- 
panol and other aliphatic mercaptans’” 
and common metal chelators such as 
ethylenediamine tetraacetate 8- 
hydroxyquinoline! *. It is possible that 
they act by removing a metallic co- 
enzyme in the kidney or blood vessels. 
The effect of cobalt is uncertain but it 


alt had an unusual vasodepressant effect on renal hypertensive rats. All of 4 such 
1 . 
s with diastolic pressures over 100 mm. Hg showed a significant lowering of the 


pressure with a mean fall of 47 mm. Hg about 40 minutes after the intravenous 
on of 0.6 mg. cobalt chloride. The mean change for 3 normal normotensive rats after 


] 9 


ir dose was 2 mm. Hg with one animal showing a rise, one a fall, and one no change. 


erapeutic parenteral doses in human malignant hypertension were found to be approxi- 
20 to 40 mg. per hour or roughly 0.3 to 0.6 mg. per kg. per hour. Adequate oral 
have ranged from 100 to 200 mg. every 4 hours. In the rat, 1.0 mg. approximates 


pe I kg 
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is conceivable that an excess may tend 


to displace inother metal by 


tested. 


NSION BY HYPHEX 


Prolonged use in man caused 


mass temporary mild anemia and a fall in 

action the total serum cholesterol content. Its 

Summary and Conclusions. The pharmacology in rats was studied 
chemical properties of 1-hydrazin Blockade of the pressor action of 
ophthalazine were investigated in vitro. “natural” primary amines was _ not 
This drug had an affinity for certain achieved until very large doses were 
trace metals, some carbonyl com-_ given. Pherentasin was inactivated by 
pounds, and the aliphatic mercaptans small doses 
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School of Medicine, the Oscar Johnson Institut 
ler grants-in-aid from the National Heart 
Because therapy of severe arterial 


hypertension with oral hexamethonium 


hloride 1-hy drazinophthalazine 


Hyphex )t is highly 
herapeutic levels of these agents in 
lood and their rate of renal excretion 


ere studied. Methods for determina 
tion of the hexamethonium ion?’ and 


e hvdrazine!'= have been reported. 


Methods. WEXAMETHONIUM I0N.  Hexa- 
thonium assay was accomplished essentially 
the technique of Zamis=° and depended 
the formation of a colored reineckate 


h was soluble in acetone but not in water. 
LO «x 
iturated aqueous solution of ammonium 
kate, NH, [Cr(NHs)2(SCN),], was ad- 
to a 100 ce. 


procedure used for urine follows: 


aliquot of a 24-hour speci- 
The mixture was left at room tempera- 


for 30 minutes and then filtered with 
n through fine sintered glass in the 
e of about 3 cc. of Celite analytical 


Che clear red filtrate was discarded. 


the precipitate was washed several times 


25 cc. portions of water until the wash- 
were colorless. Fifteen cubic centimeters 
tone were mixed with the precipitate 


Medical Research Fellow. 


Insuram 


minutes before 
filtering. This was repeated until the acetone 
too was colorless. The total volume of the pool- 
ed acetone was noted, and its optical density 
at measured on 
the Beckman spectrophotometer. The hexa- 
methonium concentration was found by 


and allowed to stand for 5 


525 millimicrons (mu) was 
To check re- 
hexamethonium halide was added to 
10 different urines to the extent of 20 mg. 
of cation per 100 cc. On assay the standard 
deviation from the theoretical value was 2.2%; 
of for 
adequate estimation. With the technique out- 
lined 


parison with a standard curve 
covery 


2 mg. hexamethonium was 


necessary 


no when 


obtained 
urines from 20 untreated patients were used 
as blanks. Moreover 
hexamethonium ion was treated with reineck- 
ate and filtered, a of this 
reagent failed to produce more crystals. Sat- 
urated reineckate added _ to 
several amines and amino acids 


acetone color was 


once a urine containing 


second addition 


ammonium was 
solutions of 
which may occur in low concentrations in hu- 
man urine. No precipitation occurred with 
0.01 molar glycine, leucine, histidine, methyl- 
faint cloud 
formed with isoamylamine and a very marked 
crystal sheen with trimethylamine. Dilution 


amine, or histamine; whereas a 


\t present, Senior Research Fellow, University of Toronto. 


lyphex refers to the combination of these 


9 


drugs used according to the method de- 


117.20. 1-Hydrazinophthalazine (hydralazine) is available as “Apresoline” (Ciba). 
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ws: One-half gram of solid 


PERRY, SCHROTT 
ines to 0.00] molar preve nted 

ntration in blood Was ippronl 


I 
tri- 
ldad f nla 
was added to 5 ce of plasma 
xture was pt rmitted to stand 


hours before centrifugation in 
1 complete lv clear supernatant 
ntimetel! 
lded to O ot ited 


reineckate The 
| with that of 


s of the deproteinated 


resultant 


simultan 


nparea 

tandards. Because of the ten 
rphous rather than crystallin 
‘body fluids the most accu 
ere made up in plasma Add 
t the ion to LO « of drug 
ited that the expect | error 
yMparison was made visually 
mituce were of no clinical 
letermining the presence OI 
te intoxication: however, they 
1 with a ne phe lometer. Neitl 
| iqueous solutions ot 
ds In rou hly physiologi 

turbidity under the 
HTHALAZINE. Quantitation of | 
depended on the color 


t its hydrophobic ninhydrin 


extraction with chloroform. A 
tor urine was developed uC 

t} n ) it concentrations of 
) r more Estimation of 
plasma depended on. the 
but was les iccurate he 
lume, lower yncentration 
substances Therefore the 
irl oncentration giving nega 
the maximal practi il plasma 
used in conjunction with the 


nt of chlorofrom. In obtaining 


later, 0.20 cc. of 2.0% ninhy 
inol was added to 10 « of a 
ltrate of blood prepared by add 


ic 


In 


Mi 


trichloracetic acid to plasma 


o, The ninhydrin-hydrazinoph 
lex was then extracted into 0.50 
rm. When the assay was check 
of 


rmal plasma the error ipprox 


the1 ipeutic concentrations 


nsuration of 1 ,4-dihydrazinoph 


DER, MORROW: 
hydrazine Save that tl lecular extinctio1 
coefficient was higher and the maximum op 


tical density occurred at 480 rather thar 


160 mul-, 


reduced tathi 


Cysteine one in OUD 
water soluble mercaptat hibited the forma 
tion ot colored prod ct when hvdra inopl 
thalazine was incubate th ninhydrin a 
ording to the proced re previously 
for urine Possibly the hydrazine and met 
captan formed a salt " bstituted d 
If certain heavy metal th an athnity f 
sulfyhdryl groups were led to the vste 
this inhibition Was part lly blocke | It Wa 


discovered that the ninhydrin color obtainabk 


in the urine of patients receiving hvdra inop 
thalazine was enhanced the careful add 
tion ot in intimony t | leterm 
whether the amount tion of “bou 
drug varied syste { he follow ‘ 
proximate technique w Ived t easi 
the maximum incre) ninhydrin-hydr 
ine ylor Into LOO | it ts ot ru We 
pipetted succes ively d | | amount tre 
0.1 to 1.6 « of 40 vy tri rice 
LO% aqueous hydrocl 1. Afte 5 mi 
nutes 0.50 « ot 2.4 i rin in 1 rop 
wa idded to eacl ind the H w 
djusted to 3.0 0.2 wit turated lin 
hydroxide There ittel the samy le Wel 
heated, cooled, and ted witl hlorotor 
in the same mannet tine hvydr Ino} 
thalazine determinati I The e | 
tween the opt il d found without a 
nony and the highest ue in it rest 
Wa in ince ot iSS i W 
mercaptan By caret tration wit t 
trichloride it was pr to re r 8O 
the ninhydrin color. | ecessary to tit 
the antimony since eXCE inhibited 
vellow of the ninhvd npl X al ) 
creased the final color: whereas a dearth | 


i Si nilar ettect as 


the maximum imount f hvdrazi hth 
Abit 

Hexamethonium Values. RENAL 1 
CRETION AFTER ONE ORAL DOSE OF HI 
AMETHONIUM CHLORIDE. The excreti 


pattern of ingested hexamethonium ion 
was notably variable presumably | 


A identical to that of the mono cause quaternary ammonium co 
re tion was sufficiently reproducibl to allow the estimation f urinary sulfhy 
that 1S, millimolar cysteine halved the ninhydrin color ot 0.1 mM hydr 1Z1n 
The decreased optic il density was present in the aqueous solution prior to extract 
roform and therefore was due to diminution of comple x formation rather than fail 
tior An ipparently normal ninhydrin-amine reaction in the presence ot mercay 
| that the mercaptan combined with the hydrazine rather than with the ninhyd 
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unds are incompletely absorbed from — average of 36% appeared within 4 hours, 
the gastrointestinal tract*®. Figure 1 68% within 8 hours, and 82% within 12 
dicates that 15% of a single massive — hours. 


| dose was excreted in the urine. RENAL EXCRETION AFTER CONTINUOUS 
Half of this appeared within 10 hours, ORAL HEXAMETHONIUM CHLORIDE. Over 
nd two-thirds within one day, al- 300 analyses were performed. Figures 


though measurable levels persisted for 2 and 3 demonstrate that for persons 


lays. Urinary recovery after a single on Hyphex treatment renal excretion of 


AM 8 63 


Bar conc inmg 


Curve: total mg /hr 
E 
} 
= 
| 
| 
{| 
| | 
C 10 Q 0 20 30 40 50 60 70 80 90 00 
Hours 
250 250 
50 mg roi dose 1750mg. (as shown at left 
rinory recovery 3iS5mg (area under curve 
retion of a single massive oral dose of hexamethonium chloride. The bar graph 


urinary concentrations in mg. per LOO ce, The curve shows the hourly output. Ot 
ed approximately 315 (the area under the curve) were excreted by the kidney. 


MI. was a 63-year-old white female with angina pectoris, signs of calcific aortic stenosis, 
istory of hypertension for 3 decades. During the year prior to this hospital admission 
tolic pressure had been lowered from approximately 250 to 180 mm. Hg by 0.25 gm. 
hexamethonium chloride 5 times a day. One month before entry she began to develop 

‘inal signs which culminated in the removal of a strangulated ovarian cyst. Three days 


urgery she was started on 0.25 gm. of oral hexamethonium chloride every 8 hours, 
being without antihypertensive medication for several weeks. Through an error, the 


lose was 5 times that prescribed. Despite this excessive amount her blood pressure 
fell below 140/80 mm., and there were no untoward symptoms. 


ler oral dose ordinarily exceeded the agent was correlated with oral in- 
but both the time and the amount take rather than therapeutic result. In 
cretion varied within wide limits. 6 patients whose urine was quantita- 
cases after 250 mg. by mouth the _ tively investigated continuously during 
i percentage recovered in 24 hours 3 to 5 weeks of hospitalization, the 
9.5, the maximum 10.1 and the mean recovery of ingested hexamethon- 
mum 2.8. Of that recovered an ium chloride was 3.5% with extremes of 


| 
| 
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7.1 and 2.9%. The maximum urine con 
150 LOO ec.. 
found in a 3-hour specimen from a man 


centration was mg. pel 
who was receiving 5 gm. a day. At the 
end of the collection period there was 
0.5 mg. per 100 ce. in his plasma. 

AFTER 
HEXAMETHONIUM 
Clinically, parenteral medication was at 


RENAL EXCRETION CONTINUOUS 


PARENTERAI BROMIDE. 
least 10 times as effective as oral medi 
the 
of the drug was increased about 10-fold 


cation and percentage recovery 


suggesting that only a small fraction 


of the material was absorbed from the 


gastrointestinal tract. For instance, in 


C.G 

mm. Hg 250 9 

200 4 

50-4 

Orel C, 200-4 
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the patient described in Fig. 6 a mea 
of 17.0 


muscularly over a 3-day period approx 


mg. per hour injected intr: 
imated the hypotensive effect of 

mean dose of 183 mg. per hour ingest 
orally during a similar interval. Thx 
urinary recovery of the par 


mg. per hour and that of the drug taker 


average 
enterally administered drug was 
bv mouth was 10.1 mg per hour. 
CONTINUOUS 
The 


average plasma level of hexamethonium 


AFTER 
CHLORIDI 


PLASMA 
HEXAMETHONIUM 


LEVELS 
ORAI 
ion in 50 adequately treated patients 


was 0.37 mg. per 100 cc. One-third of 


mg/hr Urine C 107 
mg/h 5968 507 
mg/hr Urine 5968 10 7 
10 15 20 25 30 « 
July 52 Aug 
Fig. 2—Oral dosage and urinary excretion of hexamethonium chloride (( and hydrazine 
thalazine (5968) with the supine blood pressure response (each point represents the mean of 


indicated on the 


6 measurements ) same time axis. Cross-hatching indicates 1,4-dihydrazin 
thalazine. On 4 days (23 and 27 July, 4 and 7 August) the urine could not be obtait 

C.G. was a 47-year-old white female who entered thi hospital with a blood pressure 
240/150 mm. Hg, cardiomegaly, and grade Iil retinopathy (Keith-Wagener). There w 
history of hypertension for 5 years. An enlarged, abscessed kidney had been removed 
years previously, and the remaining one had become infected 15 years later. On admis 


3-plus albumin was present, but renal function was adequate. On bed rest alone her bl 
pressure fe ll to 200/130 mm. Hypex therapy was then instituted as shown 
In the first week after discharge from the hospital the mean blood pressure 
tions) was 157/98 mm 
chloride 


35 determ 
gm. of hexametl 

During the 
exactly 6 months after discharge the mean blood pressure (34 determinations 


9 66 gm ot 


and her average oral daily medication was 3.75 


ium and 0.75 gm. of hydrazinophthalazine in divided doses week 


was 15 


and her average daily medication was hexamethonium chloride and 


gm. of hydrazinophthalazine. 


\ 
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the concentrations were less than 0.1 
mg.: another one-third were between 
0.1 and 0.5 mg.; only one-tenth exceed- 
| 1 mg., and none was greater than 
5 mg. per 100 cc. There was a correla- 
n between the amount ingested and 
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postpartum women and their newborn 
children’. 

In the presence of azotemia thera- 
peutic blood concentrations were 
achieved with one-half to one-eighth of 
the usual doses*'*. Two patients with 


he amount in blood. The mean oral hypertension and _ nitrogen retention 
iily dosage corresponding to the 3 developed the autonomic paralysis and 
ges of plasma concentration were hypotension of acute hexamethonium 
, 2.7, and 3.1 gm. respectively. These overdosage'®. A constipated uremic 
lasma concentrations are in excellent Negro woman had 12 mg. of drug per 


reement with those found by bio- 100 cc. of plasma on admission to the 
say after parenteral medication in hy- hospital. After 48 hours without medi- 
ertensive and normal® subjects as cation or bowel movement the level 


1] 
Cll 


as after oral or injected drug in had risen to 16 mg. per 100 cc. Four 


4 9 5 20 
july 


his 38-year-old white male entered the hospital with known albuminuria for 10 
ind hypertension for 2. His blood pressure on admission was 210/140 mm. Hg. 
opic examination revealed hemorrhages, exudates, and papilledema. There was cardio- 
There were only 2.5 million red blood cells per c. mm. of blood. The nonprotein 
in the plasma was 47 mg. per 100 cc. (upper limit of normal 25 mg. per 100 cc.) 
excretion of intravenously injected phenolsulfonphthalein was 11% in 2 hours. 
estion and excretion of hexamethonium ion (Cs) and of free hydrazinophthalazine (5968 ) 
idicated. As therapy progressed there was a decrease in the proportion of urinary 
inophthalazine “bound” to sulfhydryl compound. The dotted line at 2.3 is an arbitrary 
which the ratio of “bound” to free drug never fell in the first 7 days of therapy 
which it never rose after the 10th day of therapy. 
r discharge his blood pressure and clinical condition remained unchanged and_ he 
ed to work. Because of renal insufficiency no attempt was made to lower the blood 
re below 180/110. Four months after leaving the hospital he stopped his medication 
e “he ran out over a weekend.” Within 48 hours he was dead of a massive cerebral 


rhage 


) 
2 
° 
Or 
Orol 5968 
« 5968 
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days after the gastrointestinal tract had 
been emptied by laxatives and enemata 
the concentration was 5 per 100 
ce., and in another week it was within 


mg. 


the desirable therapeutic range at 1 mg. 
pel LOO ex 


disappeared by 


Signs and symptoms had 
the time the level 
reached 5 mg. per LOO cc. Another very 
similar constipated Negro 
had 8 mg. of hexamethonium 
100 ce. of plasma. Within 24 
hours without drug the concentration 
had risen to 10 mg. but 4 days later it 
was 6.5 mg. per 100 cc. 


azotemic 
woman 


lon pel 


In contradistinction to acute hexa 
methonium overdosage chronic toxic- 
ity was not characterized by an abnor 
mally high 


the blood. The presenting symptom was 


concentration of drug in 
tachypnea which lessened when the 
patient was supine; this curious phe 
nomenon has been noticed both by us!° 
and by others*. The pathologic lesion 
interstitial] 
This syndrome has a predilection for 
colored men with malignant hyperten- 
sion and nitrogen retention. We have 
never the 
malignant hypertension. In 4 of 5 cases 
the patients were male, in 4 Negro, and 


in 3 azotemic 


was pulmonary fibrosis'®. 


observed it in absence of 


Values of Substituted Hydrazine. 
RENAL EXCRETION AFTER ONE ORAL DOSI 
OF SUBSTITUTED HYDRAZINE. With the 


method used about 3% of a single oral 
390 mg. dose of hydrazinophthalazine 
was excreted in the urine. In 8 instances 
the actual mean recovery was 2.9% with 
extremes of 1.0 and 4.4%. Half of the re- 
covered amount appeared within 2% to 
5 hours and the rest within 24 hours?”. 
For an untreated hypertensive patient 
50 mg. orally sometimes acutely reduc- 
ed the sy stolic pressure 30 or 40 mm. 
Hg with concomitant nausea, vertigo, 
and asthenia. The effect was maximal 
from 1 to 3 hours after medication. 
There was a similar clinical effect af- 
ter a comparable dose of 1,4-dihydra- 
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zinophthalazine; however, this com 
pound could never be definitely dem 
onstrated in urine. A substance spectro 
photometrically similar to substitute 
hydrazine was usually present, but o1 
the basis of absorption spectrum n 
more than 10% of it 


unaltered 


could have beer 


dihvdrazine. Urinary excre 


tion of this material was much les 
than for 1-hydrazinophthalazine (as 
suming a molecular extinction coeffi 
cient of 1.37 « 10! recovery nevi 


exceeded 0.5%. 


RENAL EXCRETION AFTER CONTINUOUS 


ORAL SUBSTITUTED HYDRAZINE. Over 300 
analyses were perform d. Typic al rena 
excretion of free drug is indicated in 
Figs. 2 and 3. Urinary recovery of fr 
hydrazinophthalazine in 6 orally treat 
ed patients studied in the hospital fe 
} to trom 2.0 to 0 


with a mean of 1.1%. The correspondin 


5 weeks varied 


extreme values for “total” (free “sulf 


hvdrvl-bound” ) drug were 6.6 and 0.4 


with an average of 2.7%. In Figs. 5 and 
6 “total” 


zinophthalazine is 


renal excretion of hydra 


shown simultan 
cously with the free drug. The maximal 
concentration found in urine was 6 m 

per 100 cc. with hall 


captan. 


‘bound” to mei 


The cross-hatched part of the hvdr 
5968S 
1.4 dihydrazinophthal 


zinophthalazine dosage in Fi 
represents 
zine. In this particular patient ther 
was no measurable output of the dr 
for the 10 days during which the dih 
drazine was taken: however, excretion 
was prompt after monohydrazine was 
substituted. Ordinarily the latter pre 
ed the more potent drug. In Fig 
however, this effect is not obvious. 
Part of the urinary hydrazinophtha 
zine always occurred in “bound” for 


presumably associated with mercapt 


As therapy progressed the free fracti 
tended to increase, although there was 
considerable variability in respor 
(Fig. 3). More than 100 determinati: 


STUDIES ON CONTROL O1 
f the urinary ratio of “bound” to free 
lrug are summarized in Fig. 4. For 
the first and second days of treatment 


ind fourth days it was 2.04; for the 
ext pair of davs it was 1.45: and for 
he next 1.31. The average for the in- 


terval from 11 to 15 days was 0.98 and 
16 to 20 days was 0.88. Individ- 
ils who needed only small doses of 


Om 


20 


° 


Ratio Of Bound Drug/ Free Drug 


6 
Days After Beginning Therapy 


\ total ot 
vdrazinophthalazine therapy. 


125 Urine speci ns were 


to the 


for mild hypertension had atypi- 
progression of their ratios. 
wo hundred milligrams of dimer- 
topropanol (BAL, British antilew- 
which has been variously report- 
s depressor®'” and pressor! in hy- 
tensive persons, wefe given intra- 
ularly over a 12-hour period to a 
nt who had been on Hyphex ther- 
tor one month and who was not 
controlled. Although previously 
ry hydrazinophthalazine had 


On each 
bound” drug divided by free drug was made. 
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largely been free, all of it appeared 
“bound” on the following day. His 
blood pressure fell to 160/90 mm. Hg; 
whereas the lowest systolic reading in 
the previous week ( 42 determinations ) 
had been 180 mm. ( Fig. 5). 

RENAL EXCRETION AFTER CONTINUOUS 
PARENTERAL SUBSTITUTED HYDRAZINE. 
Several times parenteral hydrazinoph- 
thalazine was given in small amounts 


14 6 20 


collected from 10 patients at varying times after 
of the ratio 
Phese quotients were grouped 


specimen a determination 


prior period of hydrazine treatment. The means for 2- and 5-day periods 
e. For the interval from 8 to 10 days there was insufficient data. 


over relatively short periods without 
much success. The solid part of the hy- 
drazinophthalazine dosage in Fig. 6 
represents one such trial. Five milli- 
grams per hour were given intramuscu- 
larly for 6 days. The excretion was low 
and the effect on blood pressure was 
slight; both increased with larger oral 
doses. When given parenterally the 
drug was not appreciably more effec- 
tive as a vasodepressant than when giv- 
en orally; moreover, urinary excretion 


= 
0 
0 2 
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was independent of the route of admin- levels in 10 adequately treated patient 
istration. Both observations suggested ranged from 0.06 to less than 0.005 mg 
that absorption from the gastrointes- with a mean of 0.023 mg. per 100 cx 
tinal tract was good. Higher values were found in uremic pa 


PLASMA LEVELS AFTER CONTINUOUS _ tients, the highest being 0.40 mg. pr 
ORAL SUBSTITUTED HYDRAZINE. Plasma 100 cc. One Negro woman with malig 


2 


ny 
ovoovo 
| 


Come 


5968 


me C mg/h 


Fig. 5 This 59-year-old coal miner came to Barnes Hospital with a 10-year history 


hypertension and kidney trouble. Nine months prior to entry he was hospitalized elsew! 
for a stroke At this time he was told he had chroni Bricht’s disease ind heart trou 


tor which digitalis was be gun. His condition deteriorated progressively an 1 he noted asthe 


inorexia, amblyopia, orthopnea, dyspnea, edema, and weight loss of 25 pounds. The phys 

xamination on admission revealed a blood pressure of 220/140 mm. Hg, fundal hemorrha 

and <udates a yilledema. dyspnea and orthopnea. basal rales ( irdiome galy, he yatome 
pa] | | | 


and 4-plus pedal edema. His urine showed casts and red cells as well as 1-plus albun 
however, th nonprotein nitrogen content of his blood was normal. The mean blood pres 
was lowered to 190/110 mm. with 200 mg. of hydrazinophthalazine and 1000 mg 
hexamethonium chloride orally every 4 hours. On November 21, the systolic pressure 
further lowered by intramuscular dims rcaptopropanol (BAL) to 160 mm. which was 
mm. below the previous minimum. Four 50-mg. doses of this drug were given at 4-hour int 
vals as shown by the arrows; local irritation prevented continuation of this therapy. Medicat 
is shown above the blood pressure and urine levels below it. Cross-hatching indi 
hexamethonium (C.) ingestion and excretion. Solid black indicates intake and outpi 
free hydrazinophthalazine (5968); the enclosed white area represents “bound” hydrazine 
thalazine in the urine. (No values for urinary hydrazinophthalazine are available for 
vember 16 


A year after his hospital discharge this patient was asymptomatic without digitalis 
average blood pressure for the most recent month (March, 1954, with 120 readings ) of a\ 
able follow-up was 157/81 with a daily mean drug dosage of 1.64 gm. of hexamethor 
chloride and 0.6 gm. of hydrazinophthalazin 
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int hypertension, who was receiving 
hexamethonium salt but was ingest- 
2.4 om. of hydrazinophthalazine a 
had an apparent concentration of 

() mg. per LOO ce. 
\fter continuous Hyphex therapy for 
to 30 months 8% of patients noted 
nanifestations of toxicity from hydra- 
Plasma concentra- 


year, were able to maintain their im- 
mediate post-hospital blood pressure 
levels without significant alteration in 
their dosage schedule (Table 1). The 
required doses for 10 of these patients 
who have continued this regimen for 
2 years tended to decrease (Table 1). 
In all 30 instances the routine involved 
taking blood pressure in the seated po- 


HYDRAZINOPHTHALAZINE RECOVERY 


Ww 49 & MALIGNANT HYPERTENSION 31/2 MOS 


Blood Pressure 
° 


mm Hg 
x 


Dose 


Recovery 


Jrine 


25 
Feb 1952 Mar 
Oral and parenteral dosage of hydrazinophthalazine and supine blood pressure are 
une time axis as urine volume and renal excretion of both free and “bound” 
Urine samples were lost on 2, 8, and 13 March. 


was a 49-year-old Negro male with fulminating malignant hypertension of less than 
luration. He entered the hospital in February, 1952, with a blood pressure of 


50 mm. He. Hexamethonium therapy was begun on 14 February. The average blood 
had fallen to 200/130 by the time hydrazinophthalazine was begun on 25 February. 
nth his blood pressure was 175/100 mm. and he went home symptomatically improved, 
5 gm. of hexamethonium chloride and 1 gm. of hydrazinophthalazine daily in divided 
He later expired and on postmortem examination was found to have arteriolar neph- 


ind interstitial pneumonia!®. 


of both drugs in such patients 
ed to be low probably because 
small doses were needed to con- 
the blood pressure. 

lerance to Hyphex has not been 
ved. Thirty consecutive patients, 
of them in severe stages, on whom 
ive continuous daily records for a 


sition 5 times a day in order to gauge 
each dose of hexamethonium chloride 
needed!**°. Each value in the table is 
an average of the means for every pa- 
tient. Each patient's mean, in turn, is 
composed of all the values for an entire 
week and usually was compiled from 
35 blood pressure readings and 35 
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doses of both antihypertensive agents. 

Discussion. Urinary excretion of hex- 
amethonium salts gave no obvious in 
dication of the efficacy of therapy. Re- 
gardless of hypotensive effect, barring 
shock, the amount put out by the kid- 
neys depended largely on intake and 
renal function. It is our strong clinical 
impression that no severely hyperten 


sive patient initially obtained sustained 


JER, MORROW: 


erwise uncooperative patients w h 


were at least partially incontinen 
Others have recovered 60 to 85% in 


an 


mals=" and as much as 


man-"* 

Hvdrazinophthalazine proved high 
however, its mod 
Proot of cent 
indirect the dru 


lly man dilate 


reactive chemically 
of action is unknown 
nervous ettect is 


injected intra-arteria in 


PABLE 1. MEAN DOSAGE AND BLOOD PRESSURI 
In hos) In ) ) 
/ dD j dD ha D 
pati Hyphex the raps 
for | ( 
ssure 8S D mm. Hg 190 121 157 9S 161 96 158 94 
Hex 1 hloride gm. dav 2 OS 1.77 1.78 
Hyd htt izine gm. da 0 52 45 49 
10 of tients with mean 
| pressures 200 
slood pressure mm. Hg 212.130 168 02 162 OF 166 96 
Hex m chloride gm. ‘da > 10 1 80 1 67 
Hyd hthalazine om. da 051 49 46 
10 i thes patients on Hyphe \ 
therapy for 2 vears? 
slood pressure mm. Hg 187/117 147.87 150.89 156 91 155 9 
Hexamethonium chloride gm. ‘day 1.86 2.09 1 58 
Hyd yphthalazine gm. day 0.42 0. 44 Se 0) 
The blood pressures recorded in the table were calculated by iveraging in i I 
pat t | reading in the hospital hefore the rapy was ust 1 to obtain t 1) treat t i 
i f such readings was 14 per patient For the other columns the ie for each patier 
e of week's readings starting at the exact inter indicated illv an its t 
ling All blood pressures were obtained sitting The drugs were take divided doses, us 
>» time la Each value represents the daily intake averaged for the weel ning at the indi 
me 
P vith surnames beginning with the letters A through M were ch n from analvsis. © 
those developing delaved toxic reactions to substituted hydrazine and those thout continuous 
f t least one vear were excluded. Eight were in malignant stag 
Fo vere in malignant stages 
Chree were in malignant stages 


normotension with Hyphex unless hex- 
amethonium chloride was given every 
{ hours; this is not surprising in view of 
the rapid urinary excretion and rela- 
tively short action*:'!:2!, There was no 
tor the in vivo breakdown of 
Our inability to recover more 
than two-thirds of a parenteral dose 
was compatible with incomplete collec- 
tions this method of administra- 
tion was used cnly in comatose or oth- 


ey idence 


the ion 


since 


only the homolateral area**. The rei 
vasodilatation in the face of a lowered 
M 


was altered che 


blood pressure is 
than 90% of a dose 
ically, perhaps by metal ions or « 
Small 


metallic complexes 


bonyl compounds fragments 
free phthalazine 
or conjugated products such as hyd 

zones may have resulted. The frequent 
anemia may have been related to tiie 


affinity of hydrazinophthalazine 
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iron or copper!. A diminution in blood 
pyruvate or total carbonyl groups was 
not found'*. The fraction of renally ex- 
creted hydrazinophthalazine which was 
pparently “bound” to mercaptan de- 
creased as therapy progressed, as 
though the body stores of some sulfhy- 
drvl compound were depleted. 

Ingested dihydrazine may have been 
converted to monohydrazine the 
body. When dihydrazine was substi- 
tuted for monohydrazine, no dihydra- 

ine appeared in the urine but there 
vas a late and lessened excretion of 
monohvdrazine-like material. In addi- 
tion the the rapeutic response was de- 
layed and diminished. Occasionally im- 
mediate allergic reactions to the dihv- 
drazine in patients sensitive to the 
monohvdrazine were postponed. 

We have been unable to control se- 
vere hypertension adequately when 
either agent was used alone. Hvydra- 

inophthalazine inhibited the tolerance 
to hexamethonium which has been very 
commonly observed?'. The locus of ac- 
tion of hexamethonium ion is. well 
known The available evidence sug- 

ests a different locus and mode of ac- 


14, If so, 


tion for hydrazinophthalazine 
2 pathogs netic processes may be con- 
erned in severe hypertension, both of 
vhich must be simultaneously affected 


n order to achieve adequate control. 
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Summary and Conclusions. Levels of 
hexamethonium ion were measured in 
blood and urine of hypertensive pa- 
tients taking this drug orally and pa- 
renterally. About 6% of a single oral 
dose was excreted in the urine, half 
within 6 hours. On continuous oral 
doses the mean renal recovery was 
3.5%, whereas on continuous parenteral 
doses about 10 times as much was ex- 
creted. Therapeutic concentrations in 
plasma averaged 0.37 mg. per 100 cc., 
« level as high as 16.0 mg. per 100 ce. 
was found in a constipated azotemic 
patient who recovered. 

Levels of —1-hydrazinophthalazine 
were likewise measured. The mean 
recovery of free drug in the urine was 
2.9% of a single oral dose; half appeared 
within 5 hours. On continuous oral doses 
the mean excretion was 1.1%. Approx- 
imately the same amount appeared 
when the drug was given parenterally. 
Therapeutic plasma levels averaged 
0.023 mg. per 100 ce. At the beginning 
of treatment about half as much drug 
was excreted in the urine free as was 
“bound” to mercaptan; with therapeu- 
tic responses the relative amount of 
free drug increased to more than half 
of the total. The dihydrazine deriva- 
tive was not recovered in the urine as 
such. In 2 years no tolerance to the 
hypotensive effect of Hyphex has been 
observed. 
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abnormal mechanisms underly- 

such disorders as cardiospasm and 
eptic esophagitis are poorly under 
tood, partly because so little is known 
oncerning the normal structure and 
function of the distal esophagus and 
the gastro¢ sophageal junction. Recent 
ttempts tol example, to define this 
inction solely on the basis of mucosal 
haracteristics have been very informa- 
ve but have also compounded contu- 
on by giving rise to the 
vhether a 


ophagus but lined with gastric mu- 


argument 


tubular organ, grossly 


sa, Should be called esophagus or 
We have attempted to 
distal esophagus in terms 
function as studied by 
and radiologic methods in 
ormal human subjects and_ patients 


tomach! 
efine the 
t its motor 


ith esophageal disorders. 

Direct measurement of esophageal, 
itraluminal means of 
placed under 
control suggests that the 
ophagus can be divided into three 


pressures by 
pen-tipped catheters 


UOFOSCOPIC 


Presented at the meeting of the 
lantic City, New Jersey. 


+The word ampulla as defined by Lerche!® 
s not have the same meaning. 
ined; in 
ntrast me dia rather slowly. 


th the ampulla and vestibule of Lerche. 


Association of 
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Memorial Hospitals, and the 
of Medicine Boston 


Department ot 
Massachusetts ) 


parts on the basis of its motoi response 
to swallowing**. These three parts cor- 
approximate ‘ly to anatomic 
|) the body 
of the esophagus, extending from the 
upper esophageal orifice to the inferior 
esophageal sphincter, an 


respond 
areas defined by Lerche" 


inconstant 
physiologic constriction located about 
3cm. above the gastroesophageal junc- 
tion; 2) the ampulla,t the terminal few 
centimeters of the body of the esopha- 
gus immediately above the 
esophageal sphincter; and 


interior 
3) the gas- 
troesophageal vestibule, the most distal 
segment, about 2 to 3 cm. in length, 
lving between the inferior esophageal 
sphincter and the 
junction (Fig. 1. ) 
In the body of the esophagus, the 
pressure comple x induced by swallow- 
ing is distinguished by two features 
which do not characterize 
motility'***. Immediately upon swi al- 
lowing, a small but abrupt increase in 
pressure takes place instantly through- 
out the body of the esophagus’. This 
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gastroesophageal 


vestibular 


and as used by many radiologists unfortunately 


The radiologist’s ampulla is ne re sharply nor consiste ntly 
general, it refers to a distensible portion of the distal esophagus that evacuates 
If used in this sense, the radiologist’s ampulla probably includes 


(417 ) 


| 
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increase in pressure presumably devel 
ops when the oropharynx squirts ma- 
terial into the esophagus. Since the 
pressure change does not appear in 
the vestibule, it may be inferred that 
the vestibule is normally closed at the 
onset of swallowing. The second dis- 
tinguishing feature of the swallowing 
complex 


ly 


in the body of the esophagus 


so-called peristaltic pressure 


MID 


A AMPULLA 


VESTIBULE 
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ESOPHAGUS 
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sistance to outHow as determined by 


distal visceral motility, and 5) pressure 
changes within the body cavity occu 
pied by the viscus. I he question arises 
therefore, to what extent differences in 
the swallowing complexes in the body 
of the esophagus and the vestibule are 
intrinsi¢ 
the 
other, by resistance to outflow of esoph 


determined, on one hand, by 


differences in motility and, on 


INF. ESOPH. SPHINCTER 


DIAPHRAGM 
CONSTRICTOR 
CARDIAE 
STOMACH 
big Diagram of the structure of the lower two-thirds of the esophagus at ording 
Lercl Tl schematic drawings to the right represent the swallowi: omplexes recorde 
n the lower sophagus, ampulla ind vestibule. (Sanchez, Kramer and Ingelfinger, courtesy 
Gastroenterology2" 
wave. This wave travels down the ageal content. Indirect evidence beat 


esophagus at a rate of 2.0 to 2.5 cm. 
per second, attains maximum pressures 
ranging between 20 and 100 mm. of 
Hg, and slows down in the ampullar 
rea, It is not propagated into the ves- 
tibule 

(he pressure recorded at any point 
in a hollow viscus depends on several 
factors: 1) the motility of 
at the point of study, 2) 


the viscus 
the amount 
and consistency of the visceral content, 

the rate of inflow as determined by 
proximal visceral motility, 4) the re- 


ing on this question is obtained by 
fluoroscopic observations of bariun 


swallow performed simultaneoush 
with measurement of intraluminal pres 
sure recorded from two points in the 
esophagus. Such studies indicate tha 
the peristaltic pressure wave 1] deve! 
maximum valu 
after swallowed liquid passes the re 


cording tip, 2) 


ops and reaches its 
is so sharply defined i 
terms of esophageal area involved th 
tips no more than 2 cm. apart vield 


sequential record of the moving wa\ 


\ 
\ 
Gir 
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nd 3) slows down just before it 
reaches the vestibular area**. From 
these observations, it may be inferred 
that the peristaltic pressure wave is 
uused by a sharply defined segmental 
ontraction sweeping down the esopha- 

s to form a pressure-tight compart- 


ally, vestibular pressures either do not 
change in response to swallowing or 
undergo a gradual rise and fall very dif- 
ferent in pattern from the swallowing 
complex in the rest of the esophagus*’. 
Radiologic studies, in addition, sup- 
port the impression that esophageal 


Spot film of the distal esophagus in a patient with moderate cardiospasm. The 


typical location and segmental character of the narrowed area are illustrated. 


nt which pushes the esophageal con- 
t ahead of it. Lf such a contraction 
th its sharply defined front actually 
veled over the vestibule right down 
the gastric junction, it should cause 
ssure changes qualitatively similar 
those produced in the body. Actu- 


peristalsis ends several centimeters 
above the gastroesophageal junction. 
Since it is unlikely, therefore, that the 
differences in the swallowing complexes 
in the body of the esophagus and the 
vestibule are merely the result of dif- 
ferences in resistance to outflow, it ap- 
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pears that the vestibule exhibits char- 
function differentiat- 
ing it from the rest of the esophagus 

Further that the 
possesses characteristic and indepen- 
dent motility may be found by exam- 
ing the function of the distal esopha- 
gus in several esophageal disorders, 
particularly in cardiospasm. 


acteristic motor 


evidence vestibule 


Examina- 
tion of patients with cardiospasm by 
Roentgen-ray and_ balloon-kymogr: iph 
methods show that the motor mechan- 
isms of the smooth muscle of the entire 
esophagus are deranged*-"!:*4, The dis- 
tal 2 to 4 cm. of the esophagus appears 
narrowed and contracted, whereas the 
body is hypotonic and displays disor- 
ganized motility. Radiologically the 
narrowed area appears exactly in the 
position of the vestibule (Fig. 2). We 
have, therefore, advanced the hypothe- 
sis that the narrowed area in 
spasm Is indeed an expression of vestib 
ular 


cardio 


motor function". This hypothesis 


may be tested in two wavs: | 


‘can it be 
reconciled with other observations per 
taining to esophageal motility in cardio- 
spasm, and 2) can it be supported by 
experimental evidence? 

The concept that the distal narrow 
area in cardiospasm is a manifestation 
of vestibular function not only can be 
with the recognized motor 


phenomena of cardiospasm but would 


recone iled 


seem to make their complex pattern 
more understandable. 

the first place, why the 
always appears in the form of a seg- 
ment, never a thin annular contraction 
(Fig. 2). Second, the idea of Meltzer! 
and Hurst* that the narrowed segment 
is caused by failure of relaxation rather 
than spasm makes physiologic sense if 
it is accepted that the vestibule nor- 
mally changes from a closed to an open 
state as <n integral part of the swallow- 
ing act, but which, in cardiospasm, does 
Third, 


unequivocal 10 11.23 


It explains, in 
narrowed area 


not exhibit this normal response. * 


evidence is now 
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that the motor disorder in cardiospasm 
is not confined to the distal narrowed 
segment but that the body of the esoph 
agus, even in early cases, is affected by 
decreased tone and impaired propul 
motility. that 


spasm is caused by a single disorder, it 


sive Assuming cardio 
would be hard to explain how such a 
cisorder could cause a relatively hypo 
tonic state in the uppel esophagus and 
a relatively hypertonic condition in the 
distal portion unless it is accepted that 
these two esophageal regions normally 
exhibit different 


Pathologic 


may motor tunctions 


studies have shown dam 
aged and diminished numbers of myen 
teric plexus cells in the esophageal wall 
finding 


in cardiospasm, a suggesting 


that the underlying disorder in this dis 


ease is a defect in the cholinergic in 
nervation of the esophagus®'*'*. In 
ious we have described 


ot thy 
of the irdiospastic esophi 


abnorm: lly sensitive re sponse 


cholinergic stimulation with drug 
After as little as 15 to 6.0 mg. of 
Mecholy! intramuscularly, the dista 


half of the body of the esophagus un 
dergoes a tetanic and frequently violent 


his 


sponse toa parasymp: ithomimetic age 


contraction. hypersensitive re 


has been interpreted on the basis of 
Cannon’s law® as providing further e\ 
dence of absent o1 impaired postgal 
glionic cholinergic innervation of tl 
cardiospastic esophagus* 

The response of the vestibule t 
Mecholyl was not studied in our forn 
but Roark?°, of tl 
University of Virginia, suggested th 
if the vestibule and the body of tl 
esophagus diff 
ently, the two ar 
to cholinergic 


differ. 


vestibule have been made in 3 patie! 


er investigations, 


normally function 
of these 
stimulation 


response 
should al 


Radiologic observations of t 


-with cardiospasm given Mecholy] 


one case with advanced sigmoid d 


tation of the esophagus, no obvi 


GASTROESOPHAGEAL 


occurred. In the 
i0oderately 


change second, a 
Mecholyl 
efinitely appeared to widen the di- 
meter of the vestibule. In the third. 
n early case of a patient who suffered 
msiderable esophageal pain, retching 
after Mecholyl, such a 
vide dilatation of the gastroesophageal 


advanced case, 


nd belching 


unction took place as to suggest either 


arked relaxation of the vestibule. as 
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bule, and that, indeed, an opposite ef- 
fect may develop. 

The apparently different effect of 
Mecholyl on the vestibule and the body 
cardiospasm_ im- 
plies that the vestibule possesses phar- 
macologic as well as physiologic and 
structural identity. To explore this pos- 
sibility further, the effect of strong anti- 
cholinergic stimulation on the normal 


of the ‘esophagus in 


A 


\. Spot film of distal esophagus in early 


te itter 6 mg. of 


when a normal person belches*’, 
udden dit iphragmatic herniation, 

t unlikely result in a patient with 

(Fig. 3). The tentative 
ei d on these radiologic 
studies, is that the 
ogenic effect of Mecholyl in car- 
ism does not extend to the vesti- 


spasm 
$s10n, 


nuorosce pic 


in these doses 
vascular 


effect of Banthine 


ects had no signs of 


Mecholyl intramuscularly. 
patient was belching and 


is believed to be anticholinergic, 
collapse when they were 


case ot cardiospasm. 
At the 


.etching 


Spot film of same 


time picture was taken, the 


esophagus of 2 male subjects, aged 63 
and 71, was studied. After 35 mg. of 
intravenous Banthine was given to 
these subjects,* the swallowing com- 
plexes recorded from the body of the 
esophagus were dramatically altered 
(Fig. 4). The initial intraluminal pres- 
sure rise that occurs immediately on 


not ganglion blocking. 
tilted upright. 


| 
3 
| 
| 
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swallowing was, as might be expected, 


unaffected All vestiges of the peri- 
staltic pressure wave were, however. 
eradicated. The effect of anticholin 


ergic stimulation on the vestibular pres 
but this 
finding must be interpreted in the light 


sure record was not striking, 


ot supple mentary information prov ided 


by radiologic observations. Betore 


B.S. 
mm. 
Hg 
40- 
20 


CONTROL °7 
RECORD 


tAMER, 
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esophagus for a period of more thar 
10 minutes, the esophageal lumen ap 
peared widened, and purposeless and 
contractions 


disorganized peristaltic 


those cardio 


ot 


spasm were seen to indent the esoph 


reminiscent seen mn 
ageal lumen. When the subjects wer 
tilted upright, barium was still retained 


in the esophagus a fluid level was dem 


20- Vestibule 
B.S. 
mm. A 
40" Esophagus 
AFTER 0° 
BANTHINE 
(35 mg.1.V.) 
40- Vestibule 
20- 
SECONDS O 20 40 60 80 
Fig. 4.—Records of intraesophageal pressure obtained in the body estibule of a not 
‘sophagus. Following BS (barium swallow) in the control record ially normal press 
complexes ire seen. Following BS in the post-Banthine record, the initial pressure rise f 
curs immediately on swallowing is seen, but the perist iltic pr vave is absent 


Banthine was given, esophageal func 
tion was studied by giving barium swal 
lows to the subjects lying in a supine 
position. As normally the 
esophage al peristalsis swept the esoph 


is case, 
agus clear of barium in each instance 
within less than 30 seconds after bar- 
ium suspension was swallowed. After 
intravenous Banthine, 
barium 


swal- 
the 


however, 


lowed was retained in 


onstrated, and the only cause that cor 
be discovered for the retention of b 
ium suspension in the tace of gray 
was 
(Fig. 5). 
The effects of Mecholyl in 

spasm and those of Banthine in normal 
subjects suggest that the vestibule aid 
the body of the esophagus react 


TI 


a nonrelaxing vestibular lun 


) 


versely to cholinergic stimuli. 


\ B 
of strong anticholinergic stimulation on the motility of a normal esophagus. 
ture showing empty esophagus 30 sec. after barium swallow. Subject supine. 
Banthine (30 mg., intravenously) in supine subject. A barium swallow is retained 
for 10 minutes; esophageal peristalsis is uncoordinated and not propulsive. C. 
f Banthine in upright subject. A barium swallow is retained in the esophagus appar- 
ently because of nonrelaxation of vestibular area. 


Chalasia of vestibule. When this patient was tilted from the erect to the supine 
1 barium suspension previously confined to the stomach rapidly regurgitated into 


ou 


s as shown in spot films A and B taken in rapid succession. 

istroesophageal reflux had been recognized in this patient for some time but no 
ence of hiatus hernia had been found. Nevertheless, at the time of a hemigastrectomy 
vagectomy undertaken for duodenal ulcer,‘the surgeou made special efforts to “snug up” 
hiatus. The postoperative films shown here suggest that the condition of the hiatus 
little to do with this patient’s nre- and postoperative gastroesophageal reflux. 


\ B C 
é 
¥ 
| 
re 
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. 
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inverse reactions of the esophagus and 
the vestibule provide evidence, furth- 
ermore, that propulsive and sphincteric 
mechanisms in the human gut are sub: 
ject to reciprocal cholinergic stimuli, 
a relationship shown in animal experi 
ments but difficult to establish in 
man-" 

In cardiospasm, the vestibule ex- 
hibits achalasia, that is, failure of re- 
laxation The condition, 
namely, chalasia or failure of the ves- 
tibule to contracted 
swallows, also exists*:*! 
W ider 


opposite 
remain between 
and may have 
than achalasia. 
Chalasia has been recognized as a dis- 


implications 


order occurring in infants and respon- 
sible for abnormal gastroesophageal re- 
gurgitation'’. As shown in Fig. 6, chal- 
asia may be striking in adults who have 
no evidence of hiatus hernia. 

The various mechanisms underlying 
gastroesophageal reflux are obscure. At 
present a major role in the prevention 
of gastroesophageal reflux is credited 
to the diaphragm and to angulation of 
the lower esophagus; intrinsic esoph- 
ageal mechanisms are either not con- 
sidered or assigned secondary roles. 
The exact mechanisms of diaphragm- 
atic control of gastroesophageal reflux 
have, however, not been elucidated, 
and the interrelationship of vestibular 
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function and diaphragmatic herniation 
is as yet an unstudied field. The exis- 
tence of gastroesophageal reflux in pa- 
tients who have absolutely no evidence 
of diaphragmatic herniation but who 
appear to suffer from chalasia suggests 
that 
some types of gastroesophageal reflux. 


vestibular dystunction underlies 
Even in patients with clear-cut dia- 
phragmatic hernia, the adequacy of 
the 


as important as the direct action of the 


vestibular mechanism may prove 
diaphragm in determining whether or 
not material regurgitates from the stom- 
ach into the esophagus 

Summary. 1. Radiologic and mano- 
metric studies indicate that the distal 
2 to 3 cm. of the normal human esoph- 
the 


motor function. 


agus, vestibule, has characteristic 

2. The effect of cholinergic and anti 
cholinergic stimulation on esophageal 
motility suggests that the body of the 
esophagus and the vestibule react in 
versely to such stimuli 

3. The concept of a vestibule per 
mits explanation of the several motor 
abnormalities of cardiospasm in terms 
of a single neurogenic disorder. 

1. The vestibule may also play an 
important role in the control of gas 
troesophageal reflux. 
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ATELECTASIS is a frequent and ser- case Hospital of Chica Each of them h 
jliomvel \ iKI ) tl 
ious complication in patients with polio ‘cute poliomyelitis weakness of 


pharvnge il ind respiratory mus les had he 

myelitis who have been subjected to 
subjected to tracheoto mad been place 
tracheotomy and are in mechanical 


in a mechanical respirator The enzyme 
respirators. Although many factors con that were used were crystalline trypsin® 
tribute to the development of the atel rived from mammalian pancreas, and strept 
ectasis, the accumulation of viscous se Kinase streptodornaset derived fron 

strain of Stra pt us pl enes 

cretions in the respiratory tract of the Secretions were obtained from the trach 
patients is among the most important following the administrat of the enzyi 
rheretore, any agent which will reduce — in an aerosol and from tl re person folloy 
the viscosity of these secretions may i"& the nebulization of isotonic sodium chl 


ride without the enZvmes 
facilitate their removal and be useful 


Solutions wer placed plasti 

im the prevention or treatment of atel nefrin nebulizer and were aerosolized by 

ectasis. Proteolytic enzvmes have been stream of oxygen flowin t a rate of 6 lite 
advocated as a means of increasing the pet minute. The outflow tract delivered t 
fiuidity and the ease of removal of the C780! directly over the tracheotomy o- 
Generally the treatment was completed 
In this paper we are reporting obser After administration of the \ ipor for 15 1 


vations on the physical and chemical — utes, collection of the tracheal secretions 
properties of tracheobronchial aspirate begun and continued for 2 hi urs by tra 
bronchial aspiration it 15-minute inter\ 

before and after administration of tryp- 
sin and streptokinase and streptodor- 


hase, 


If the atomization was not finished when 
collection period was begun the administ 
tion was continued between aspirations | 
it had been completed. During each 2-h 
Methods and Materials. The subjects were period of collection, 25 cc. of 0.85% sodi 
hospitalized in the Muni ipal Contagious Dis- chloride solution was instilled into the tracl 
*Kindly supplied by Armour Laboratories, Chicago, Illinois. Trade name “Tryptar.” 
t Kindly supplied by the Lederle Laboratories Division. 
River, New York. Trade name “Varidase.” 
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ispiration of the tracheal secretions had 


| 
found to be unsuccessful and traumatic 


» no suppl mental solution was used. The 


ly 


ntity used during each control and experi- 


il period was the same. The rate of 


nstillation during the 2-hour period 
ipproximately the same rate of adminis- 


ma ised routinely in the tracheotomy 


f these patients After the first 2-hour 
tion had been completed approximately 
inute were allowed to elapse before the 
was placed in a nebulizer. 
of administration of the sec- 
eTo 1, the second 2 hou period ot col 
of tracheal secretions was begun. The 

lutions used were: (1) 250,000 
2 of trypsin in 6 cc. of Soren- 

phosphate buffer solution (pH 7.1 

100,000 units of stre ptokinase and 25,000 
f streptodornase in 6 cc. of 0.85% so 
hloride solution, and (3) 6 cc. of 

chloride solution 

the experiments performed to determine 
ettect t trypsin, 5 patients received 

both the first and second col- 

period In 8, the saline aerosol was 
fered first and the trypsin second, and 
the aerosols were administered 

order In the second group 
periments in which the effects of the 
| nzymes were measured the 

ie ere administered to 7 patients in 
peri xd, and in 9 the saline was 
he patients in the second group of 
chronically ill than 


the first group of 


cT¢ 
experiments, and, 
ymparison of results in thes« 
Vi made 
iples obtained were studied in vitro 
termine the effect of the enzymes on 
pel cent sediment, pH, and 
Gram and Wright stains, as 
other bacteriologic studies were fre 
on the 
lections 


patie nts’ secretions 


isurement of the viscosity, an 


ld vi sity pipette (No 70710) was’ 
mstant-temperature water bath 
es ind the time of outflow was 
Three successive readings that 

i within 5 SCC onds of each other were 
ned before the me asurements were ac- 
l. The density of the material was de- 


ned by weighing, and the viscosity was 


lated by means of the following 


\ DsTs 

here V_ re presents 
itv, D density, T time of outflow, s 
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tracheal secretions, and w water. Freezing and 
thawing the secretions to disrupt cellular ma- 
terial made no appreciable difference in the 
viscosity of a number of samples which were 
studied in this manner. 

The total volume of secretions collected 
during each period was measured, and an 
aliquot was centrifuged for 10 minutes at 
1500 RPM, following which the per cent sedi- 
ment was observed. The pH was determined 
by the Beckman pH meter and the use of 
nitrazine paper The total nitrogen content 
of each specimen was determined by the 
micro-Keldahl method. The nitrogen con- 
tent of instillate was pre-determined. Some of 
the samples were tested on a gelatin film 
for residual tryptic activity. 


Results. In Table 1, the volume and 
the per cent of sediment in the secre- 
tions collected after the use of aerosol 
trypsin or aerosol sodium chloride solu- 
tion are presented. The differences in 
volume and per cent sediment of the 
various groups were not statistically 
significant, as shown by calculation of 
the “t” values.° The mean total nitro- 
gen value of a sample when trypsin 
was used was 10 mg. higher than the 
mean total nitrogen of a sample when 
sodium chloride was used. in- 
crease is accounted for by the amount 
of nitrogen in 250,000 units of trypsin 
which was found to be 12.2 mg. 

The pH. of the tracheal secretions 
varied between 5 and 8.4, the average 
being 7.1. The pH of the secretions in 
the groups of patients receiving either 
saline or one of the proteolytic enzymes 
was similar. 

Table 2 indicates an apparent de- 
crease in viscosity when trypsin was 
used. Since the volume, per cent sedi- 
ment and total nitrogen were constant, 
all of the sodium chloride groups were 
combined and compared with the com- 
bined trypsin group (Table 2). The 
difference in viscosities between the 
saline and trypsin groups was signi- 
ficant (Chi square 52. P = OG). 
The difference in viscosity between all 


this study a P value of 0.05 or less was considered to be significant. 


E 
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of the specimens collected during the 
first period and those collected during 
the second period was not significant. 
There was no significant difference in 
9 


viscosity between any 2 saline groups 


of 


groups The action of aerosol trypsin 


or among any combination saline 


as administered in these patients was 


JA 
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effect produced b 
enzvmes lasted for at least 4 to 5 hours 


y the streptococcal 


as shown by the similarity of the speci- 
mens in the second saline group as 
compared to the first streptococcal en- 
zyme group. 

Discussion. It has been previously 
established that the effect of trypsin 


apparent for only 2 hours, as indicated on the tracheobronchial secretions. is, 
by the lack of effect upon the secre- in part, due to mucolysis*. Strepto 
rABLI THE EFFECT OF TRYPSIN ON THE VOLUME AND PER CENT OF SEDIMENT OF 
rRACHEOBRONCHIAL SECRETIONS 
Pop ( 
\ Sy Stand 
Obs ul Ra D Deriat 
I ~ ( 17 
Fir l j «7 
( 1S 7 
rABLE 2.—THE EFFECT OF TRYPSIN ON THE VISCOSITY Ol] 
TRACHEOBRONCHIAL SECRETIONS 
Number Number with Vis y 
Tre ttment and Py riod S pet mens 0-1 .5 5 
First Treatment Period 
a) Sodium Chloride 8 
bh) Sodium Chloride 8 3 
c) Trypsin 9 7 2 
Second Treatment Period 
a Sodium Chloride 
b) Trypsin S 6 2 
c) Sodium Chloride 9 3 6 
Total Sodium Chloride 3s 12 
otal Trypsin 17 18 i 


P 0.02 
tions collected during the second pe 
riod when saline followed the adminis 
tration ot trypsin. 

Table 3 indicates that there was also 
2 decreased viscosity during the ad- 
ministration of the “streptococcal en- 
ZVmMes as compared to isotonic sodium 
chloride (P = 0.01). In addition, it can 
be seen from Table 3 that there was a 
significant decrease in per cent of sedi- 
ment and mean total nitrogen per cc. 
when aerosol streptococcal enzymes 
were used in the second period. The 


kinase-activated enzymes, however, a1 
less effective in mucolvsis but are mor 
potent in fibrinolysis’. Streptodornas 
acts directly upon a substrate of di 
soxyribonucleoprotein and desoxyrib 
nucleic acid’. In addition, the strept 
coccal enzymes incite a local outpoul 
ing of fluid and phagocytes at the sit 
of application’. This study was under 
taken to see whether proteolytic « 
zymes which are active in vitro hav 
similar effect in vivo 

The results have demonstrated th 
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aerosolized trypsin administered to pa 
tients through tube de 
creased the viscosity of tracheal secre 
the 
nitrogen con- 


a tracheotomy 


tions without changing volume, 


per cent of sediment or 


tent per cc. Thus the main action was 
that of alteration of the physical state 
of the organic material. Since the as 
pirated secretions when tested failed 
to show residual tryptic activity it is 
likely that the 


digestion occurred in 


there 
the 
total aspirate volume and nitrogen con 


Becauss was a significant dif 


ference in amount of sediment. 
centration in the secretions which were 
collected after 


were 


the streptococcal en 
zymes administered, whereas the 
volume, per cent of sediment and nitro- 
gen in the fluid collected after admin 
istration of trypsin or sodium chloride 
were constant, it 1s probable that the 
principal effect of the former enzymes 
was to increase bronchial secretions. It 
noted that the 


the sodium chloride control groups in 


may be viscosities in 
the trypsin experiment were less than 
those in the sodium chloride group in 
the streptococcal enzyme experiment, 
probably because the patients in the 
latter experiment had been tracheoto- 
mized tor a considerably longer time 
and had recovered from the stage of 
copious secretory activity frequently 
seen for several weeks following trach- 
eotomy. It may have been easier, there- 


fore, to demonstrate a_ bronchorrheic 
effect with the streptococcal enzymes 
than it was for trypsin. 

The eftect of streptococcal enzymes 
persisted at least 4 hours and prob- 
ably longer in a number of patients 
since the secretions in the control pe- 
riod following the use of streptococcal 
enzymes identical with 
those collected during the period of 
enzyme administration. On 
hand, the trypsin effect was not as per- 
sistent 


were almost 
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the tracheal were 


composed ot 


Since aspirates 


mainly mucin, cellular 


debris, bacteria and occasionally fibrin 
likely that the 


trypsin was mucolvsis 


it is major activity of 
On the othei 
hand, if the cellular debris was modi 
fied by the streptodornase, or if there 


was any fibrinolysis accomplished by 


activation of plasminogen by streptokin 


ase, the effect was not demonstrable in 
the face of the bronchorrhea which oc 
curred. In spite of the apparent differ 
ence in mode of action of the 2 types 
of enzymes, the resulting reduction of 
\ iscosity could cCOoOnce ivably he ot bene 
fit to some patients with inspissated 
the tree. It is 
also possible that some patients, pat 


secretions in bronchial 


ticularly those with decreased tussive 
torce or excessive secretions prior to 
treatment. mav be worsened rathei 


than benefited by the bronchorrhea in 
duced by the streptococcal enzymes 
Even the decreased viscosity following 
trypsin may be harmful in similar pa 
tients by facilitating the spread of ma 
terial in the distal bronchi if adequat 
established. The 
worth of thes 
compounds in the treatment of patient 


drainage cannot b 


determination of the 


will depend upon « irefully controll 
studies on patients in need of trache 
bronchial aspiration 

Summary and Conclusions. |. The et 
fect of the proteolytic enzymes trypsi 
and streptokinase-streptodornase 01 
some physical and chemical characte 
istics of tracheobronchial secretions 
patients with acute poliomyelitis wit 
weakness of the pharyngeal and re 
piratory muscles who had been su 
jected to a tracheotomy and placed 
a mechanical respirator, is reported 

2. Isotonic sodium chloride soluti 
During t 
course of experiments isotonic sodit 
administered 49 
trypsin 17 times, and the streptococs 


was used as a control. 


chloride was tim: 
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vmes 16 times. The following 
isurements were made: viscosity, 
ime, per cent of sediment, pH and 
tal nitrogen 
The principal action of trypsin 
the secretions was that of digestion 


hich was ipparent tor only 2 hours 
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under the conditions of the experi- 
ments. The principal effect of the strep- 
tococcal enzymes was the production 
of bronchorrhea, which was apparent 
for at least 4 hours. A digestive action 
of the streptococcal enzymes was not 


demonstrated. 
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From the Ds partment of Medicine 


pal Contagious Dise 


ast 


IN a preceding paper? it was shown 


that haste administered by the aero- 
sol route decreased the vos of the 
tracheobronchial secretions o f patients 
who had acute poliomyelitis and on 


whom tr: icheotomy had been pe rform 


ed. The main action of the trypsin 
was digestive since it decreased the 
viscosity of these secretions without 


changing the volume, per cent of sed- 
On the other 
streptococe: al enzymes. 
de 


same 


total nitrogen. 
hand, the 
streptokinase 


iment o1 
and streptodornase, 
but at the 
increased the volume of secretions 


creased the viscosity 
time 
and decreased the per cent of sediment 
total per 


the princip: il action of the streptococe: il 


and nitrogen ce. Therefore 
enzymes was interprete d to be the pro- 


ot 


the frequency and severity of atelecta- 


duction of a bronchorrhea. Because 


sis in patients who have hi id a tracheot- 
omy and have been receiving artificial 
respirations® proteolytic enzymes have 
been advocated as a means of reducing 
the of the of the 


viscosity secretions 


°Supplied by Armour Laboratories 
Lederle 


“Varidase.” 


tSuppli d by The 
New York Trade 
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HEAD OF THE DEPARTMENT 


was felt that a controlled study of tl 


clinical usefulness should be done 


which the effects of trypsin, the strey 


tococcal enzymes and a nonproteolyt 


solution were compare d 


Methods and 


Materials. The patients 
ported in this study wer hospitalized in 
Municipal Contagious Disease Hospital 
Chicago. Each of the patients had a 
poliomyelitis with we ikness of pharyn 
and respiratory muscle ind therefore 
been subjected to a tracheotomy and pla 
in a mechanical re spirator. Since the patic 
to whom the enzymes wer administered w 
critically ill, a rigid ntrol of total ther 
was impossible However, the follow 
studies were made l in atte mpt to eV 
ate the effectiveness of aerosol administrat 
of the enzymes in the prevention ot re sp! 
tory tract compli itions 9 a control 
study involving the use of a placebo 
evaluate the usefulness of intratrach« 
intrabronchial instillation of trypsin in 
treatment of atelectasis 

In the first aspect of the study, one ot f 


aerosol treatment regimens was given prop 


Illinois. Trade name “Tryptar.” 


Pearl Ri 


American Cyanamid Company, 


ot Me ( incl the 
Hospital, Chicago, Hlinoi 
respiratory tract and facilitate the 
removal®->. Since the course of the di: 
ease is variable and unpredictable 


USK OF TRYPSIN OR STRE 
illy to each of 24 patients chosen by 
t alternation at the time of tracheotomy. 
; there were 4 groups of 6 patients each 


eri Patients in the first group, who 

is nonenzyme controls were given 

ols of 2.5 mg. per kg. of polymyxin B 
lfate® in O.85% normal sodium chloride dur- 


44-hour period. The second group re- 
ed 250.000 units to 1.000.000 units of 


phosphate buffer each 24 hours. 

the third group, a similar dose of trypsin 
nbined with the same dose of poly- 

in the control group. The 

t| p received 2.5 mg. per kilogram 


plus 100,000 to 400,000 units 

treptoki e and 25,000 to 100,000 units 
eptodornase over a 24-hour period. The 
tarted on polymyxin in an 

mt t it and make consistent the 
treatment in the face of a high 
infections of — the 


tres with 


tracheobron 
Pseudomonas aeruginosa 
patients who were in the hos- 
it the start of the study. Other anti- 
vere withheld for at least 48 hours 
parenterally or by stomach 
were re quired, The group of 
ceived trypsin without poly- 
luded in order to distinguish the 
iti from the antibiotic effect. The 
regimens were adhered to for one to 
lavs, but were subsequently altered either 
ddition of other antibiotics or terminated 
e patient s iinprovement or death. 
verosol solutions, which were placed 
nebulizer, were 
stream of oxygen flowing at 
rs per minute and delivered by 
tlow tube directly over the tracheotomy 


ist \ iponefrin 


Generally the treatment was complete 

1) minutes, but occasionally it took as 
Tie h 

In the second phase of the study an evalu- 

f the effectiveness of direct instillation 

trypsin into the bronchi was sought. Ini- 


ly 250,000 units of trypsin in 4 cc. of phos- 
ite buffer was instilled through a rubber 
| catheter into either the right or left 
bronchus. After 3 patients had received 
tal of 8 treatments, it was decided to 
ire results obtained from instillation of 
enzymes with the _ instillation of 

of isotonic sodium chloride in alternate 


tients. The alternation was accomplished by 


the laboratory staff supply the solu- 

so that the clinicians were unaware of 
ther the enzyme or sodium chloride was 
used. In order to minimize variation. 
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one physician gave 27 of the 31 instillations. 
Because several serious adverse reactions were 
observed with the aerosol streptococcal en- 
zymes, it was decided not to instill them 
directly into the bronchi. 

Before administration of either enzyme or 
control solution, adults were given 50 mg. 
and children 25 mg. of diphenhydramine 
hydrochloride (Benadryl) or tripelenamine 
hydrochloride (Pyribenzamine), either orally 
or intramuscularly. In addition, 0.6 gm. of 
acetylsalicylic acid was often given. In some 
patients the dose of the antihistaminic was 
repeated one and 2 hours after the administra- 
tion of the enzymes. The instillate was direct- 
ed into the upper or lower lobes by raising 
or lov ering the foot of the respirator and 
into the right or left bronchi by turning the 
patient on the appropriate side for 15 min- 
utes. Tracheobronchial aspiration was delayed 
for 20 minutes unless untoward reactions re- 
At least 48 hours 
were allowed to elapse before the procedure 


quired earlier aspiration 


was repeated. The necessity for a mechanical 
respirator frequently made it difficult to detect 
the site of atelectasis. Accordingly, unless 
clinical or roentgenographic evidence indicat- 
ed which lung was involved the first instilla- 
tion was into the right main bronchus and 
subsequent instillations were given alter- 
nately into the left and right sides. 


Results. AEROSOL TREATMENT. The 
criteria used to evaluate the effective- 
ness of the prophylactic aerosol regi- 
men were: duration of fever, number 
and severity of cyanotic episodes, clin- 
ical roentgenographic evidence of 
atelectasis, or both, ability to breathe 
without the respirator, ease of aspira- 
tion of secretions and the number of 
deaths in each group. 

In some patients, 
with or without polymyxin, appeared 


aerosol trypsin 
to facilitate the aspiration of the secre- 
tions. Aside from this, as seen in Table 
1, there was no apparent difference in 
the clinical course of the patients re- 
ceiving trypsin with or without poly- 
myxin as compared to those receiving 
polymyxin in sodium chloride. Sim- 
ilarly, no favorable effect was demon- 
strated from the streptococcal enzymes. 


Kindly supplied by Burroughs Wellcome & Co., Inc., Tuckahoe, New York. Trade name 


el 
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Two deaths occurred in each of the 2 
croups of patients given trypsin and 3 
deaths each among the patients given 
no enzyme or streptococcal enzymes. 
No adverse reactions were observed 
in patie nts who received aerosol trypsin 
or saline. On the other hand, 3 patients 


CKSON, 


DOWLING 


Cine 


rosols before the 


dence on the respi itor patient 
who received thes« 
alternation was begun developed pneu 
monia as a result of this procedurt 
Fig. Two patie nts had received 
the streptococcal enzymes previously 


without anv reaction, but the one pa 


rABLE 1 THE EFFECT OF AEROSOL ADMINISTRATION OF PROTEOLYTIC ENZYMES 
ON THE CLINICAL COURSE OF PATIENTS WITH A TRACHEOTOMY 
Vuml \ Thi 
Vu I t Re uf 
( Res) tory ¢ D R 
G Patient \ R ! 
Contro 6 $ ] 2 
frypsin without Antibiotics 6 2 2 2 
Trypsin with Antibiotics 6 2 ? ) 
Streptococcal Enzymes with 
Antibiotics 6 
As determined by criteria outlined in text 
S-K+ S-D S-K+S-D 
| 
se 103 | 
& 
ee | 
99- 
Tracheal cultura Mu/tip/e flora + Pseud + 
Bronchorrhed + + 
—\Cyanosis te 
<|Nausea 
~ 
> respirator 
l Reactions following the aerosol administration of str ptococcal enzymes 


who received the aerosol streptococcal 
enzymes experienced a moderate to 
severe reaction (Fig. 1). These were 
characterized by the following symp- 
toms: 1) fever, 2) dyspnea, 3) cyano- 
1) bronchorrhea, sensation of 
choking, and 6) an increased depen- 


SIS, 


tient who developed pneumonia 
not. 
INSTILLATION THERAPY. To evalucte 
the efficacy of direct trypsin instillation 
the following criteria were used: 1 a 
decrease in the temperature to 1'!) 


F. ( rectal } 


or below, which occur:ed 
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24 hours, 2) general improvement in ceived trypsin for a total of 21 instilla- 
the patient's condition (disappearance — tions. The temperature was elevated 
f cyanosis, improvement in breathing before administration in 17 instances 
nd ability to remain out of the res- and on 2 occasions the temperature 


vithin 48 hours and lasted for at least As seen in Table 2, 11] patients re- 


irator for a longer period of time ), cropped to LOO” F. (rectal), or below, 

improvement in areas of atelectasis for 24 hours or more within 48 hours 
s determined by roentgenograms, 4) of the time of instillation. In 2 patients 
thinning of secretions, and 5) the oc- there was definite clearing of pneu- 
urrence of untoward reactions. monic or atelectatic areas, or both, 


PABLE 2.—~DIRECT INSTILLATION OF TRYPSIN SOLUTION INTO 
THE BRONCHIAL TREE 


\ umber Vu mber hrile 
/ eal of of Tnstil- within Gene ral Improvement Adve rs¢ 
Grou} Patients lations tN Hours Improvement in Roentge nogram Reactions 
1, before or 3 8 I patient) After 3 In- No roentgenogram After 4 In- 
f Controlled stillations taken stillations 
I men 
Prypsin, after on 8 13 | patient After 6 In- Definite improvement After 7 In- 
f Controlled stillations in 2 out of 4 patients © stillations 
who had roentgeno- 
yrams taken 
Chlorick 10 0 After 1 In- No improvement. in 0 


stillation the 2 patients who 
had roentgenograms 


taken 


4 


= | 


be 


Fig. 2.—Pneumonia and atelectasis complicating poliomyelitis. 
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Fig. 3.—Clearing of pneumonia and atelectasis 6 days following repeated intratracheal instill 
tion of trypsin. 


Fig. 4.—Pneumonia and aelectasis in the same patient as in Fig. 2, 2 days following !v } 


aerosol administration of the streptococcal enzymes 


4 
4 
3 4 
| 


OF TRYPSIN OR 


within a few days after treatment 

Figs. 3, 4). Improvement in the gen- 
eral condition was seen after 9 instilla- 
tions in § patients. Bronchorrhea occur- 


rea 


11 times, and, as a result, frequent 
and almost constant obser- 
The 


How of secretion usually disappeared 


suctioning 


vation were necessary. increased 
few hours, although it occa- 
lasted 48 hours. There w 


difference in results in the patients who 


within a 


sionally as no 


received trypsin before the controlled 
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Eleven of the 21 instillations of tryp- 
sin were accompanied by adverse re- 
actions. The symptoms are listed be- 
in the order of frequency: 1) 
dyspnea (9 times), 2) choking sensa- 
tion or retromanubrial burning sensa- 
tion (9 times), ’ (twice ), 
4) fever and cyanosis (once). Most of 
the reactions occurred within 30 min- 
utes of instillation although the rise in 
temperature was delayed a few hours 
The symptoms were usually 


le 


3) evanosis 


(Fig 5) 


~ 


Hours after treatment 


I6 8 O 8 i6 24 32 40 
MM,#, 25 yrs, 3/st day 
Trypsin 
104- Instillation 
3 
! Pyribenzamine 
102 - 50 mgm.- | m. 
! Aspirin gr X 
100 
Y 


Dyspnea + 
Anorexia 


Sweating 


.—Reaction following the 
periment as compared to those who 


ceived it after the controlled experi- 


ent had been started. Nine patients 
ceived a total of 10 instillations of 
tonic sodium chloride. On 8 occa- 


fever was present and in no in- 
ince was there a change in tempera- 
re following therapy. General 
ovement was observed on only 
In 2 


im- 
one 
casion. 


cases roentgenograms 
ere taken and in neither was there 
change in the atelectatic areas fol- 


wing therapy. Four of the patients 
ho received sodium chloride and 


ho were given trypsin died. 


intratracheal instillation of trypsin. 

mild and transient and did not usually 
necessitate interruption of therapy. In 
one case the trachea had to be suction- 
ed 3 minutes after instillation because 
of dyspnea and cyanosis but in most 
cases the aspiration could be delayed 


for 20 minutes. In the few cases in 
which more severe symptoms were 
seen, immediate aspiration revealed 


profuse bronchorrhea and frequent suc- 
ticning ameliorated the symptoms. Oc- 
casionally additional antihistaminics 
were given. Adverse reactions did not 
occur with the 10 control administra- 
tions of saline. 


= 
+O 
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Discussion. Previous studies have 
shown that trypsin has an effect on 
tracheobronchial secretions in vitro’, 
and the mechanism of action is believed 
to be such that it should be beneficial 
in vivo*. Previous reports indicate that 
in certain situations such a benefit may 

In this study it was shown in patients 
with poliomyelitis who had very poor 
tussic force and a tracheotomy, and who 
required a mechanical respirator, that 
prophylactic aerosol administration of 
trypsin at intervals was not effective in 
preventing the occurrence of and death 
from respiratory tract complications. 
Since the groups were relatively small 
it cannot be stated that trypsin was 
completely without effect although the 
differences were so small that the prac- 
tical usefulness of this procedure was 
obviously slight, even if there was an 
effect. On the other hand, the use of 
the streptococcal enzymes seemed to 
have been without any effect and be- 
cause of the tendency of these agents 
to produce bronchorrhea those _pa- 
tients without an adequate cough 
mechanism may well have been harm- 
ed. It is well to remember, however, 
that if an adequate cough mechanism 
is present this effect may not be detri- 
mental and may even be beneficial. 
The occurrence of adverse reactions 
following aerosolization of the strep- 
tococcal enzymes may have been caus- 
ed by an accentuation of the bron- 
chorrheagenic effect, although they 
may also have been in part caused by 
prior sensitization since 2 of the reac- 
tions occurred in patients who had 
tolerated the compounds a week be- 
fore. Hazlehurst has indicated the sen- 
sitizing capacity of these enzymes’. 
That the direct instillation of trypsin 
into the bronchi may have been more 
effective than saline was shown by the 
more frequent improvement and fewer 
deaths. However, these differences were 
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not statistically significant and at best 
may indicate a trend that would have 
to be established on a larger series. 
However, since in most patients the 
site of pathology was not accurately 
known and the instillations were made 
at random, as far as the right and left 
bronchi were concerned, the fact that 
approximately 50% of the instillations 
were followed by improvement may in- 
dicate a degree of success when the 
material was actually instilled into the 
proper site. 

In spite of the fact that antihistamin- 
ics and acetylsalicylic acid were given 
prophy] actically to all patients before 
the direct instillation of trypsin into 
a main stem bronchus, a transient ad- 
verse reaction was produced in 52.4% 
of patients. The high incidence of these 
complications following direct instilla- 
tion as compared to the absence fol- 
lowing the aerosolization of trypsin 
may have been related to the concen- 
tration of the drugs in the former in- 
stance. Such untoward reactions may 
have decreased whatever clinical ben- 
efit the compound was exerting. How- 
ever, because the net effect seemed to 
be one of some worth the direct in- 
stillation of trypsin into the bronchi 
of the involved segment can be recom- 
mended in atelectasis. Every attempt 
should be made to determine the site 
of pathology and limit the instillation 
to the appropriate area. 

Summary and _ Conclusions. 1. 
Twenty-four patients with acute polio- 
myelitis, pharyngeal and respiratory 
weakness, who required a tracheotomy 
and the aid of a mechanical respirator, 
were given aerosol treatment after se- 
lection by alternation into one of the 4 
following groups: 1) polymyxin plus 
isotonic sodium chloride, 2) trypsin, 
3) polymyxin plus trypsin, and 4) 
polymyxin plus streptokinase-strepto- 
dornase. There was no apparent differ- 
ence in the clinical course of patients 


| 
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in the first 3 groups. Three patients ex- 
perienced a severe reaction as a re- 
sult of aerosol inhalation of the strepto- 
coccal enzymes. One of these patients 
developed a bronchopneumonia shortly 
after administration of these enzymes. 
Therefore, streptococcal enzymes are 
not recommended in this type of pa- 
tient. 

2. Eleven patients received 21 direct 
instillations of trypsin into the tracheo- 
bronchial tree when atelectasis was be- 
lieved to be present, and 9 patients 
received 10 direct instillations of iso- 
tonic sodium chloride. Direct instilla- 
tion of trypsin appeared to be benefi- 
cial following 42.9% of instillations. 
There was a similar improvement in the 
clinical course in 10% who received the 


direct instillation of saline. Reactions 
characterized by transient increase in 
respiratory difficulty occurred after 
52.6% of the direct instillations of tryp- 
sin, but they were usually mild. There 
were no similar reactions in the sodium 
chloride group. 

3. Since trypsin appeared to be effec- 
tive in 42.9% of the instillations in a 
situation where one-half of the instilla- 
tions were likely to be into the appro- 
priate bronchus the effect seems signi- 
ficant. Therefore, the use of these en- 
zymes is recommended if the instillation 
can be made directly into the bronchus 
of a known area of bronchial obstruc- 
tion. Otherwise, the risk of an adverse 
reaction is too great to justify random 
instillation. 
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DIURETIC EFFECT AND LOCAL TOLERANCE OF A NEW TYPE OF 
MERCURIAL RECTAL SUPPOSITORY: A PRELIMINARY REPORT 


By James W. Daty, M. D. 
FELLOW IN CARDIOLOGY 


(From the Department of Medicine of the Jefferson Medical College and Hospital, 
Philadelphia, Pennsylvania ) 


ACCUMULATION of edema in the-usual 
case of cardiovascular and_ other 
chronic disease is constant and gradual. 
It would seem logical to attempt inter- 
ruption of this process by regular, 
small, repeated doses of mercurials’’. 
In this manner it has been possible to 
remove excess fluid as rapidly as it 
collects, thus maintaining body weight 
at or near basal level. 

The methods of administering mer- 
curials present many practical prob- 
lems. Parenteral injections require the 
services of trained personnel and of 
necessity impose certain inconveniences 
and discomfort for the patient. Oral 
diuretics promised for a time to fill the 
need of a convenient dosage form for 
maintenance but in extensive clinical 
trial have not proved nearly as reliable 
as parenteral mercury”. 

As an alternative to parenteral med- 
ication attempts have been made pre- 
viously to develop a satisfactory mer- 
curial suppository’®. However, in all 
studies reported the diuretic effect has 
been inadequate or inconstant. Local 
irritation of varying severity has oc- 
curred in a high percentage of patients 
and tenesmus has seriously interfered 
with retention of the suppository*>’. 
Administration of mercurial diuretics 
by rectum, therefore, has been rarely 
used in recent years. 

The absence of significant local irri- 
tation characteristic of subcutaneous in- 
jections of mercaptomerin sodium 


(Thiomerin suggested the 
possibility that this compound might 
be well tolerated by the rectal mucosa, 
hence interest was revived in the use 
of a mercurial suppository for more 
convenient maintenance therapy. In 
Thiomerin the xanthine is replaced by 
a mercaptan, sodium thidglycolate (one 
of the monothials; these substances, in 
therapeutic doses, have been shown in 
laboratory animals to diminish the car- 
diotoxic and nephrotoxic effects of 
organic mercury while preserving the 
diuretic action! ), The significant re- 
duction in irritating properties that 
characterizes thionated mercury is at- 
tributed to this structural modifica- 
tion!?:14, 


Procedure. Suppositories were made up 
containing 0.5 gm. mercaptomerin sodium® 
(equivalent to 165 mg. me rcury ) in a cocoa 
butter base, for clinical study of the efficacy 
and possible irritating properties of this com- 
pound in long-term administration by rectum 
in the human. 

Preliminary controlled pharmacological 
studies? were carried out using suppositories 
containing the same amount of. mercaptomerin 
sodium (the full human dose) in a series 
of 8 rabbits and 6 dogs. Six control animals 
(rabbits) received suppositories containing 
no mercury. All were sacrificed in 24 to 72 
hours and the kidneys and rectum of each 
were removed for histological study. Micro- 
scopic examination of the kidney sections 
showed that a significant mercurial effect 
was obtained by the Thiomerin rectal sup- 
positories tested. Examination of the rectal 
tissue failed to demonstrate significant irrita- 
tion in the treated animals. The only inflam- 


“Rectal Suppositories, Thiomerin Sodium, mercaptomerin sodium, were supplied through 
the courtesy of Wyeth Laboratories, Philadelphia, Pa. 
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matory reaction occurred in the rectal mucosa 
ot a control animal sacrificed at 24 hours. 

Local tolerance studies!® were then per- 
formed in 7 human subjects, all of whom 
were examined at the beginning of the trial. 
Suppositories were inserted nightly for 2 
weeks. Examination at the end of this time 
revealed no evidence of primary irritation. 

These suppositories were administered to 
25 patients suffering from cardiovascular and 
other chronic diseases associated with gen- 
eralized edema. In some cases 2 or more 
factors contributed to the edematous state. 
The series was divided into 2 groups:. 13 
ambulatory outpatients examined in the 
clinic at intervals of 1 to 4 weeks (Table 1), 
and 12 acutely or chronically ill patients hos- 
pitalized for a diversity of edematous con- 
ditions (Table 2). 


OUT PATIENT J. S.,aged 74 years 
Arteriosclerotic Heart Disease 
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after discharge was followed in the clinic for 

% months. The suppositories were used for 
about 3 weeks, then stopped for a control 
period of 2 weeks; treatment was resumed 
for 2 weeks, and again interrupted by an 
additional control period of 2 weeks, after 
which the suppositories were continued for 
4 weeks longer. 

All but one of the other patients also had 
been treated with mercurials in doses of 2 
cc. parenterally, at intervals ranging from 
twice weekly to once every 3 or 4 weeks 
before receiving suppositories for mainten- 
ance. One 70-year-old man, with arterioscler- 
otic heart disease, had never received mer- 
curials before. 

For the hospitalized group the etiologic 
diagnosis was arteriosclerotic heart disease 
in 6 patients, 54 to 71 years old; rheumatic 
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LBS. 


CONTROL PERIOD 
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Fig. 1—Weight graph of a patient who was treated intermittently with suppositories. 


Diuretic therapy supplemented other 
measures required in each individual case, as 
bed rest, digitalization, dietary salt restric- 
tion, blood transfusions, and the like. 

Of the outpatient group (in which the age 
range was 36 to 74 years), 8 had arterioscler- 
otic heart disease, 4 rheumatic heart disease, 
and 1 hypertensive cardiovascular disease. All 
were in chronic congestive failure. 

Zach received one suppository, adminis- 
tered at bedtime every second night for 1 
to 6 months. In most cases suppository treat- 
ment was interrupted at various intervals by 
control periods of about 2 weeks, in which 
no diuretic was used. The case of a 74-year- 
old man with mild peripheral edema at the 
start of maintenance therapy illustrates the 
plan of management. This patient had re- 
ceived 2 cc. of a mercurial parenterally every 
third day while under hospital care, and 


heart disease in 2 patients, 49 and 59 years 
old; and hypertensive cardiovascular disease 
in 3. One of the hypertensive patients had 
an underlying periarteritis nodosa, and one 
had portal cirrhosis. One patient had Hodg- 
kin’s disease with ascites. Ten received one 
Thiomerin suppository nightly for one week, 
and 2 received one nightly for 2 weeks. 

A 57-year-old man with lymphatic leu- 
kemia and a 40-year-old woman with peri- 
arteritis nodosa were treated, in addition, 
with 25 mg. cortisone, the former 3 times a 
day, and the latter twice a day. 

The daily fluid intake and output were 
recorded for all in this group. 

Clinical indications of loss or retention of 
edema were recorded for each patient in 
both groups: variations in weight, degree of 
pedal edema, hepatomegaly, dyspnea or 
rales. Each patient was questioned as to the 
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DALY: 


A NEW TYPE 


presence of rectal discomfort or other evi- 
dence of local irritation. Direct proctoscopic 
examinations were performed when possible. 

Diuresis on rectal therapy was considered 
adequate when the patient was maintained 
at an approximately constant weight after 
initial diuresis, or continued to lose fluid. 

Results. The diuretic response was 
adequate in 85% (11 of 13 patients) of 
the outpatients (Table 1). 

Seven patients continued to lose 
weight when the suppositories were 
substituted for parenteral therapy. The 
most notable success was achieved in 
the 74-year-old male patient mentioned 
previously, who was maintained with 
the suppositories alone throughout sub- 


OF MERCURIAL RECTAL SUPPOSITORY 


a small weight gain initially, but after 
a single injection of 2 cc. Thiomerin 
and resumption of the suppositories 
she lost 10 pounds in one month. In 
another, edema was gradually elimin- 
ated on the suppositories alone, with 
relief of dyspnea. A 68-year-old wo- 
man with chronic congestive failure 
and massive edema was resistant to 
treatment with parenteral diuretics. 
Weight was not controlled until sup- 
positories were used in conjunction 
with diuretics by injection, when a 
good potentiating effect was achieved, 
with gradual loss of fluid. 

Four patients were maintained at 


HOSPITAL PATIENT R. K., aged 57 years 
Arteriosclerotic Heart Disease with Congestive Failure, 


and Lymphatic Leukemia 


2nd Day 3rd Day 


LBs. Ist Doy 


ONE SUPPOSITORY EVERY NIGHT 
WT 25 mg. Cortisone t.i.d. 
4th Day 


5th Day 6th Day 7th Day 8th Day 


173 


172 
71 


170 


169 
168 


167 


Dry Weight 


166 
165 


164 a 


Digitalized immediately before start of suppository treatment. 
Maintenance dose of 0.1 mg. digitoxin daily throughout course. 


Fig. 2.—Weight response of a cardiac patient who was receiving cortisone. 


sequent observation for 34 months. He 
gained approximately 9 pounds in each 
of the two 14-day control periods with- 
out diuretics. 

One patient lost 8 pounds, with dis- 
appearance of peripheral edema in 6 
weeks on the suppositories. Another 
lost 5 pounds and had less dyspnea in 
2 weeks, with stabilization of weight 
during the subsequent 5 weeks of sup- 
pository treatment. A third lost 4 
pounds in one month, with disappear- 
ance of pretibial edema. In one pa- 
tient, a 54-year-old woman, there was 


approximately constant weight with- 
out parenteral therapy. 

In most cases when the suppositories 
were stopped for the control periods 
edema returned to former peak levels. 

The 2 individuals in whom fluid con- 
tinued to accumulate despite use of 
the suppositories required injection of 
mercurials up to 3 times a week for 
control of their edema. 

Of the hospitalized patients, 75% (9 
of 12 patients) were satisfactorily 
maintained on the diuretic supposi- 
tories. 
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HOSPITAL PATIENT E. K., aged 55 years 
Hypertensive Cardiovascular Disease with Left Ventricular Failure 


wT. 
LBS. 


Ist Day 


NO SUPPOSITORIES ONE SUPPOSITORY EVERY NIGHT 


2nd Doy 3rd Do: 4th Day Sth Doy 6th Doy 7th Day 8th Day 9th Doy 10th Day | 11th Dey 


216 
215 
214 
213 
212 
211 
210 
209 
208 
207 
206 
205 
204 
203 
202 
201 
200 
199 
198 
197 
196 
195 
194 
193 
192 
191 
190 
189 
188 
187 
186 
185 
184 
183 
182 
181 


\ 
\ 
\ 
\ 
\ 


Dry Weight 


Mointenance dose 0.1 mg. digitonin daily throughout course. 


Fig. 3.—Progress of a patient who initially received parenteral mercury followed by 


suppositories. 


HOSPITAL PATIENT J. R.,aged 59 years 
Rheumatic Heart Disease 


SUPPOSITORIES ONLY 
ONE EVERY NIGHT 
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Fig. 4.—Weight chart of a patient who received suppositories and bed rest only. 
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One, the 40-year-old woman who re- 
ceived 25 mg. cortisone twice daily 
for treatment of periarteritis nodosa, 
was relieved of dyspnea with Aye 
clearing of the lungs after 4 days on 
the suppositorie S. Another. a man who 
was treated with 25 mg. cortisone 3 
times a day for lymphatic leukemia, 
lost 8 pounds, on rectal diuretic ther- 
apy, with disappearance of peripheral 
edema, during the week he was in the 
hospital. This patient was subsequently 
observed for about 5 months in the 
clinic, in which time he continued to 
use the suppositories regularly and was 
maintained edema-free without paren- 
teral mercury. 

All of the other 6 in whom the diur- 
etic response was adequate experienced 
a remarkable loss of weight on the sup- 
positories during their hospital stay: one 
moet 16 pounds ly the end of the ninth 

day, and one lost 16 pounds in 2 weeks. 
Two others lost 12 pounds and one, 10 
pounds, during one week in the hos- 
pital. 

The peak of diuresis usually occur- 
red on the second or third day after 
suppository therapy was started; hence 
for diuresis in acute conditions, such 
as pulmonary edema, a parenteral di- 
uretic is recommended. 

In 4 patients fluid accumulated so 
rapidly that parenteral treatment was 
required: (1) the 17-year-old girl with 
Hodgkin’s disease; in this case necr opsy 
demonstrated obstruction of the vena 
cava by enlarged nodes. (2) In the 
patient with portal cirrhosis diuresis 
was eventually achieved with 2 cc. 
Thiomerin by subcutaneous injection 
every second day. (3) A 71-year-old 
pe atient with congestive failure and (4) 
one with diabetes associated with the 
nephrotic syndrome and arteriosclerotic 
heart disease also required mercury by 
injection. 

Among the patients proctoscoped no 
evidence could be seen of rectal irri- 


MERCURIAL 


RECTAL SUPPOSITORY 

tation during continuous treatment for 
as long as 3% months. No indication 
of mercurialism appeared, and no sign 
of sensitization. One patient (the wo- 
man with periarteritis nodosa) who had 
a definite history of sensitivity to mer- 
curials by injection experienced an ade- 
quate diuresis on the suppositories with 
no untoward reactions. On direct ques- 
tioning none of the patients complained 
of any local discomfort and none ex- 
perienced symptoms of salt deficiency. 

Summary. The diuretic effect and 
possible irritating properties of rectal 
suppositories containing 0.5 gm. Thi- 
omerin, mercaptomerin sodium (equiv- 
alent to 165 mg. mercury) were tested 
in 25 edematous patients. Thirteen were 
outpatients seen in the clinic at inter- 
vals of 1 to 4 weeks, and 12 were hos- 
pitalized for a diversity of edematous 
conditions. 

The outpatients received one Thi- 
omerin suppository every second night 
for periods as long as 6 months, treat- 
ment being interrupted by control 
periods in which no diuretic was given. 
The hospitalized patients received one 
Thiomerin .suppository nightly ‘for 1 
or 2 weeks. 

The diuretic response was adequate 
(that is, the patient continued to lose 
weight or was maintained at an ap- 
proximately constant level) in 85% of 
the clinic cases and in 75% of the hos- 
pitalized group. 

Thiomerin suppositories controlled 
the tendencies to salt retention in 2 
patients with an underlying cardiac de- 
ficiency who were receiving cortisone 
for other disease. This points to a 
broad field of usefulness. 

These suppositories were particularly 
well tolerated. No evidence of unto- 
ward local or systemic disturbance was 
obtained, either on proctoscopic exam- 
ination or direct questioning of the pa- 
tients. 


| 
| 
| 
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Thiomerin suppositories are adequate ment to parenteral diuretic therapy, so 
(o maintain some patients edema-free _ that injections will be required at less 
and in others may be used as a supple- frequent intervals. 
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COMPLEMENT COMPONENTS IN THE SERA 
AND URINES OF PATIENTS 
WITH SEVERE PROTEINURIAS* 


By Kurr Lance, M.D. 
ASSISTANT PROFESSOR OF MEDICINE AND RESEARCH ASSOCIATE IN PEDIATRICS 
(ASSISTANT PROFESSOR) 


AND 


EUGENE J. WENK, M.S. 


(From the Departments of Medicine and Pediatrics, New York Medical College, and The 


New York Medical College 


Our findings that serum comple- 
ment levels are low in the nephrotic 


syndrome*** which meanwhile has 
been well substantiated by numerous 


investigators!:*!* has found diverse ex- 
planations. While we believe that the 
fall in complement is due to an exten- 
sive antigen-antibody reaction with use 
of large amounts of complement, others 
have stated that it may be due to a 
lack of formation of certain comple- 
ment components or to loss of comple- 
ment or one of its components into the 
urine. The present investigation was 
undertaken to study quantitatively the 
amount of complement which could be 
possibly lost into the urine in the neph- 
rotic syndrome and in other severe pro- 
teinurias which are not connected with 
a fall in serum complement. Since it 
is known that immune precipitates tie 
up certain components of complement 
while leaving others unchanged, the 
distribution of complement compo- 
nents in the sera of patients with the 
nephrotic syndrome may also give a 
clue as to whether or not it is prob- 
able that we are dealing with com- 
plement tie-up by specific immune pre- 
cipitates. 


*This investigation was supported by research grant A-302 (R) of the ! 


Research Unit (Metropolitan Hospital), New York, New York) 


Methods. serum. Sera of patients with 
the nephrotic syndrome taken and preserved 
in the way previously described* were ex- 
amined for individual complement components 
according to the method of Ecker, Pillemer 
and Seifter2. In this method 4 reagent sera 
are prepared which do not have any comple- 
ment activity by removing a different one of 
the 4 complement components from each of 
the 4 reagent sera. The only deviation from 
this method was made in the production of 
the reagent sera lacking C’3. Baker’s yeast 
was weighed, washed.3 times with distilled 
water and once with saline, each time centri- 
fuging for 5 minutes at 3,300 RPM and re- 
moving and discarding the supernate. The 
precipitated yeast was suspended in 10 times 
its weight of reagent serum and allowed to 
stand at room temperature for 30 minutes. 
The yeast was then removed by centrifuga- 
tion for 5 minutes at 3,300 RPM and the 
supernatant serum reserved as the fraction 
lacking C’3. All reagent sera were tested for 
complementary activity and found to be de- 
void of it. All reagent sera were used in the 
tests in double amounts to insure an excess 
of all components except the one purposely 
eliminated. In each test the reagent sera lack- 
ing C’l and C’2 respectively were combined 
in double amounts and a test for complemen- 
tary activity was performed which always re- 
sulted in high titers. Since plasma volume 
determinations were not performed, plasma 
volume was estimated at 5% of body weight 
for the purpose of calculations. 

URINE. Freshly collected urine specimens 
were analyzed for complement components 
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according to the method of Seifter and Ecker®. 
Since preliminary experiments had shown that 
a full recovery of complement added to urine 
was not obtained when dialysis against a 
phosphate-saline buffer of pH 6.6 was car- 
ried out for 24 hours as suggested by Seifter 
and Ecker, a systematic study was initiated 
in which length of time of dialysis was varied. 
It turned out that 4-hours’ dialysis at 2° C. 
against the phosphate-saline buffer using a 
mechanical stirrer in the dialysis bag accord- 
ing to the method of Reiner’, resulted in 
recoveries above 95%. All urines were there- 
foré dialyzed in this manner and then sub- 
jected to analysis for complement components 
according to the method used for sera with 
the following modification: In order to be 
able to detect small amounts of complement 
components in the urine, quadruple amounts 
of urine were used in each test. Again double 
amounts of reagent sera were used in each 
test as in the tests on serum. 

The protein content of sera as well as of 
urines was determined by the Biuret method 
in each instance and the sera were examined 
for albumin/globulin ratios by precipitation 
with 22.5% sodium sulphate. Complement was 
determined in the way described by us pre- 
viously*, reading at the 50% hemolysis level. 
For the standard of one complement unit, 
complement was freshly prepared from com- 
mercial lyophilized guinea pig serum, diluted 
in steps of 5 from 1:5 to 1:50 and titration 
was carried out in the same manner as pre- 
viously described* for the unknown serum. 
Guinea pig serum 0.1 cc. was mixed with 
0.1 cc. inactivated human serum_ because 
guinea pig serum is known to have approx- 
imately twice the conplementary activity of 
human serum. The dilution of guinea pig C’ 
which just produced 50% hemolysis was de- 
fined as one unit of complement (usually a 
1:25 dilution). The number of units in the 
unknown serum was expressed as a multiple 
of this standard. Thus, if the serum under 
investigation produced 50% hemolysis in a 
1:5 dilution its complement content was 5/25 
= 0.2 units. With this method normal pa- 
tients and patients with diseases other than 
those which specifically depress complement 
levels show an average complement content 
of 1.78 units with a range of 1.2 to 3.0 units. 


Results. Ten sera of patients with 
the nephrotic syndrome in the edema- 
tous phase were examined for titers of 
individual complement components 
(Table 1). All sera had a diminished 
complement activity as is typical for 
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the nephrotic syndrome. All sera show- 
ed C’2 to be the limiting component of 
activity. In all instances the titer of 
the test serum either equalled or very 
closely approximated the titer found 
for the limiting component. In 5 of 
them there was also a marked decrease 
of C’4. The degree of lowering of se- 
rum complement showed no relation 
to the hypoproteinemia or to the hypo- 
albuminemia or the globulinemia. The 
lowering of complement activity was 
also not in any discernible relation to 
the degree of proteinuria, as shown in 
Table 2. With clinical remission of the 
nephrotic syndrome complement re- 
turned to normal by a return of C’2 
to normal. This was the case whether 
or not the hypoproteinemia and the 
hypoalbuminemia increased or the pro- 
teinuria decreased. 

The serum complement values of 3 
cases of Kimmelstiel-Wilson’s syndrome 
with severe proteinuria were examined 
and found to be well within the nor- 
mal range. One case of renal amyloido- 
sis subsequent to long-standing sup- 
puration of the descending colon also 
showed normal serum complement 
values in spite of a severe proteinuria 
(Table 2). 

The content of individual comple- 
ment components in the urine was de- 
termined in 7 cases with the nephrotic 
syndrome, 3 cases with Kimmelstiel- 
Wilson’s syndrome and one case of 
renal amyloidosis. As is evident from 
Table 2 the excretion of complement 
components varied widely as to amount 
and the predominant component. In 3 
of the 7 cases with the nephrotic syn- 
drome C’2 was the predominant com- 
ponent excreted. The 4 other cases, 
however, showed other components to 
be predominant. There was no relation 
between the type of disease and the 
predominant complement component 
excreted. There was also no relation 
between the degree of proteinuria and 
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cither the amount or the identity of 
the predominant component. Comple- 
ment components were excreted in con- 
siderable amounts in Kimmelstiel-Wil- 
son’s syndrome and in renal amyloido- 
sis, both diseases with normal serum 
complement levels, as well as in the 
nephrotic syndrome with lowered se- 
rum complement levels. Although it 
may appear from Table 2 that the per- 
centage of excretion of complement 
into the urine is somewhat higher in 
the nephrotic syndrome than in the 


TABLE 1—COMPLEMENT COMPONENTS IN THE SERA OF 7 
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diuresis had occurred and complement 
levels had returned to within the nor- 
mal range. 

Discussion. The results described 
above for urine closely resemble in the 
general direction those obtained by 
Seifter and Ecker. These authors did 
not study the serum complement levels 
in the same patients at the same time, 
however, and their reports give no data 
as to weights of the patients or total 
urinary volume, so that it is, therefore, 
impossible to calculate from their data 


CASES WITH THE 


NEPHROTIC SYNDROME 


Name Diagnosis C 
N 
E. L.* E 1 
J. H. P I 
before therapy H 
J. H. after R I 
partially successful O 
therapy T 
I 1 
D. & 1 
A. L. 1 
before therapy S 
A. L. after 4 2 
partially successful N 
therapy D 
Mc. C.* R Q 
M 
E 
* adults 


proteinurias of other origin, this im- 
pression is erroneous. The values are 
calculated on the basis of the estimated 
plasma volume multiplied by the com- 
plement content in units per cc. Since 
the complement content in the sera of 
nephrotics was low, the total comple- 
ment content in the plasma was low 
and the percentage excreted appears 
unduly high as compared to the cases 
which had normal serum complement 
levels. There was no appreciable dim- 
inution of complement excretion in 
cases with the nephrotic syndrome after 


a 


2 


9 


Complement Units 


"3 C's 
0.9 1.8 1.4 
0.6 1.7 
0.7 1.4 1.4 
0.6 1.8 0.9 
0.2 1.3 0.6 
0.36 1.1 1.0 
0.64 2.0 1.9 
0.64 2.3 0.96 
1.8 1.6 
1.2 2.2 


the percentage of the total serum com- 
plement which was excreted into the 
urine. 

The irregularity with which we 
found the different complement com- 
ponents to be excreted into the urine 
is similar to the complete variability of 
the electrophoretic patterns in such 
urines, as described recently by Slater 
and Kunkel!!. 

We have seen in one case of severe 
serum sickness that serum complement 
rose from 0.2 units per cc. to 1.4 units 
per cc. within 24 hours. Seltzer, Baron 


_| 


— 


PROTEINURIAS 


VERE 


PATIENTS WITH SE 


“ 


4 
fz} 


HLIM SUSVO & 


LAN( 


69 


“say 


ur 


AHL OL NOLLWTHY 
SISOCGIOTAWY HLIM ASVO V dO AHL OLNI 


00S 1 
OOFT 
006 
OOLT 


009 


“sly ur 
auUnjo 4 


“auld ur syuauod wo 


6093 


O9¢L 
O8L¢ 


nday 


SLI GNV ANOYUGNAS OLLOUHdAN AHL HLIM Sa 


VW, 


fo ‘00 sad 
spuy 


ay} JO vy} UO paseg , 


OT 


88 °0 


Lil 
| 


0608 *‘puds ‘youydou 
‘puds ‘yorydou “XK 
*‘puds 
CBOL ‘aydou "eH 
*‘puAs “yorydou 
Ocls 69 ‘aydou ‘OT 
*‘puds “yorydou 
‘pudg 
0068 8¢ 
‘pudg 
0096 “OM 
“‘pudg 
89 ‘td 
‘00 ‘by sisoubnig NT 
‘auinjo “UM 
DUSD) 
paunss 


TOOd 


UNOUGNAS AIM 


ANOdINOO LNANATANOO AO SSOT ATAVL 


|_| 
~ ‘ 
£xs 
— 
~ 
| 
—) 
= 
( 
> = S BR 
c co 
| 
~ 
4 
> © + 
| + S Soom 
= = = 
= = = 
-~ 
eoo 
16> 
o 
6 
| | 


452 LANGE, WENK: 
and Fusco’? have reported that in guinea 
pigs a complete depletion of comple- 
ment activity by the injection of an 
antigen- -antibody complex is followed 
by a rise to normal complement levels 
within 20 hours. In patients with the 
nephrotic syndrome we have noted on 
numerous occasions that complement 
rose from one day to the next by at least 
one unit prior to diuresis, without a 
decrease in proteinuria or complement 
component excretion. It thus appears 
that the restoration of normal comple- 
ment levels after depletion by immune 
precipitates can be very rapid. It seems 
probable then that losses of comple- 
ment activity due to loss of one or more 
of its components into the urine of the 
magnitude of 1 to 14% per day can be 
well covered by the normal production 
of complement and should not be the 
cause for a lowering of serum comple- 
ment levels. Moreover, in diseases in 
which serum complement levels are 
normal or high, but in which severe 
proteinurias are present, complement 
component excretions were found of 
a similar magnitude as in the nephrotic 
syndrome with lowered serum comple- 
ment levels. Finally, in therapeutically 
induced remissions of the nephrotic syn- 
drome, serum complement levels rise 
to normal values in a short period of 
time, while the urinary excretion of 
complement components persists or is 
even aggravated in some instances. It 
appears highly improbable, therefore, 
that the excretion of complement com- 
ponents into the urine in the nephrotic 
syndrome can be the cause of the low- 
ered serum complement levels. The 
specific depression of C’2 and C’4 in 
the sera of patients with the nephrotic 
syndrome resembles closely the depres- 
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sion of complement components pro- 
duced by specific immune precipitates, 
as seen by Pillemer and collaborators. 
The fact that the identical components 
are removed from rat sera in perfusion 
experiments through the isolated rat 
kidney when nephrotoxic sera were 
added’, further supports the contention 
that the lowering of serum complement 
levels in the nephrotic syndrome is 
due to a specific antigen-antibody reac- 
tion. 

Summary. 1) Serum complement 
levels are subnormal in the nephrotic 
syndrome but are normal in Kimmel- 
stiel-Wilson’s syndrome and in renal 
amyloidosis, although all 3 conditions 
show severe proteinuria, 

2) The lowering of serum comple- 
ment activity in the nephrotic s syndrome 
is due to a low content of complement 
component C’2. In some cases C’4 
is also depressed. 

3) Certain complement components 
are excreted into the urine in small 
amounts in all severe proteinurias 
studied, irrespective of serum comple- 
ment level, the hypoproteinemia or the 
degree of proteinuria. 

4) The predominant complement 
component excreted into the urine 
differed and did not show any relation 
to the type of disease or the degree of 
proteinuria. 

5) The amount of complement 
which could possibly be inactivated by 
this loss of one component is too small 
to explain the lowering of serum com- 
ponent in the nephrotic syndrome. An 
excretion of complement components of 
a similar magnitude does not lead to 
lowering of serum complement levels 
in Kimmelstiel-Wilson’s syndrome or 
renal amyloidosis. 
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SERUM complement is always low- 
ered in acute and subacute human 
glomerular nephritis and in most cases 
with the nephrotic syndrome. While 
we have assumed that this lowering of 
serum complement is due to an exten- 
sive antigen-antibody reaction taking 
place in the kidney in which the glo- 
merular surface has become antigenic, 
there is no direct evidence available 
that the kidney is a site of complement 
binding’. 

In the experimental production of 
acute glomerulonephritis or the neph- 
rotic syndrome, or both, by nephro- 
toxic sera, serum complement also 
falls?!°. A marked difference, however, 
can be noted in the time of the occur- 
rence of this fall in serum complement. 
When antiratkidney. rabbit sera are 
injected into rats, complement falls 
immediately to very low levels, rises 
rapidly thereafter and returns to nor- 
mal within 24 hours. With it, altera- 
tions in the kidney morphology can be 
noted almost immediately upon the in- 
jection of the serum. If antiratkidney 
duck sera or antirabbitkidney duck 
sera are injected into rats and rabbits 
respectively"°, no such immediate fall 
of complement occurs in most instances, 


®*This investigation was supported by research grant A-302 (R) of the 
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and immediate morphologic changes of 
the glomerular apparatus are absent. 
Only after 5 to 10 days does serum 
complement begin to fall and simul- 
taneously morphologic changes in the 
glomerular apparatus become appar- 
ent. In these experiments serum com- 
plement remains low in the rabbits 
when clinical healing does not occur. 

In order to determine the role of 
complement and the site of its loss 
in experimental glomerulonephritis, is- 
olated rat kidneys were perfused by 
recirculating rat serum containing com- 
plement, and the complement titers 
after addition of different nephrotoxic 
sera were measured. 


Methods. Adult male rats of the Wistar 
strain, fed with Purina rat pellets and water 
ad. lib. weighing between 250 and 300 gm., 
were anesthetized with sodium pentobarbital 
intraperitoneally and when necessary small 
amounts of ether were given by inhalation. 
The peritoneal cavity was exposed and a fine 
glass cannula was tied into the aorta just 
below the diaphragm. Both the aorta and 
the cava inferior were ligated at the iliac 
bifurcation. An incision was made into the 
cava inferior distal to the entrance of the 
renal vein in all instances where only kidneys 
were perfused. An incision into the cava in- 
ferior just proximal to the entrance of the 
hepatic vein was made in all experiments 
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where both kidney and liver were perfused. 
Perfusion with 500 to 1000 cc. of normal 
saline was then performed until the organs 
appeared completely free of blood and the 
return fluid was glass clear. The left kidney 
was then freed by carefully ligating and 
severing all vessels coming off between the 
renal artery and the point of insertion of 
the cannula into the aorta. The suprarenal 
vessels and the ureter were carefully ligated 
and severed. The kidney was then lifted out 
of its bed and the renal vein separated without 
ligation from the cava inferior at its junction. 
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fusate thus recirculated approximately once 
every minute. Before the perfusion was start- 
ed a specimen for complement determination 
was obtained. A specimen was again with- 
drawn 5 to 10 minutes respectively after the 
start of the perfusion. Immediately thereafter, 
the nephrotoxic sera or the control sera were 
added to the perfusate. Subsequent samples 
were withdrawn at intervals of 5 minutes. 
All specimens obtained were immediately 
placed in an ice bath. 

For the liver perfusion, a cannula was in- 
troduced into the portal vein or hepatic ar- 


Fig. 1.—Schematic drawing of the perfusion set-up. 


The preparation thus obtained was then plac- 
ed into a small glass funnel which in turn 
was suspended over another small glass funnel 
serving as a reservoir leading to the inlet 
of a Sterling pipetting machine set to deliver 
6 cc. per minute in 30 strokes. When the 
peripheral resistance of the kidney was high, 
however, only 2 to 4 cc. perfused through 
the kidney per minute. The cannula in the 
aorta was connected to the outlet of the 
pump (Fig. 1). The kidney was then per- 
fused with 4 to 6 cc. of freshly prepared pool- 
ed rat serum gained the same day by decap- 
itation of rats and separation of the serum 
at a temperature of 3° C. The entire per- 


tery and the liver lifted out of its bed. The 
hepatic veins were separated but not ligated 
at their entry into the cava inferior. In order 
to reduce the amount of liver tissue to be per- 
fused, the left liver lobe was resected and 
discarded after carefully ligating the con- 
necting hilus. The perfusion with recircula- 
tion and the tests were otherwise carried out 
in the same way as for the kidney. 

At the end of each experiment an amount 
of the nephrotoxic serum aliquot to the 
amount used in the experiment was added to 
a sample of rat serum reserved before per- 
fusion to test for anticomplementary activity 
of the nephrotoxic sera. This mixed sample 
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was left at room temperature for the same 
length of time as the experiment itself had 
lasted, in order to have comparable results. 

Nephrotoxic sera were obtained from rab- 
bits or ducks which were immunized against 
rat kidney by repeated injections of rat kid- 
ney homogenates. Nephrotoxic rabbit and 
duck sera were also obtained from other 
institutions*. Al] nephrotoxic sera were in- 
activated at 56° C. for 30 minutes before 
being used. All sera were shown to produce 
with great regularity a nephritic or a neph- 
rotic picture, or both, when injected into 
rats. The complement determinations were 
carried out in the way described previously® 
For the standard of one complement unit, 
complement was freshly prepared from com- 
mercial lyophilized guinea pig serum, diluted 
in steps of 5 from 1:5 to 1:50 and titration 
was carried out in the same manner as pre- 
viously described® for the unknown serum. 
Guinea pig serum 0.1 cc. was mixed with 
0.1 cc. inactivated human serum because 
guinea pig serum is known to have approxi- 
mately twice the complementary activity of 
human serum. The dilution of guinea pig C’ 
which just produced 50% hemolysis was de- 
fined as a unit of complement (usually a 
1:25 dilution). The number of units in the 
unknown serum was expressed as a multiple 
of this standard. Thus, if the serum under 
investigation produced 50% hemolysis in a 1:5 
dilution its complement content was 5/25 = 
0.2 units. Since rat serum was shown to be 
much more thermolabile than human serum, 
all specimens were kept, and all titrations 
carried out, in an ice bath until the speci- 
mens were put into the water bath at 36° C. 

When perfusates were analyzed for individ- 
ual complement components the method of 


Ecker, Pillemer and Seifter! was used. The 
only deviation from this method was made 


in the production of the reagent sera lacking 
C’3. Baker's yeast was weighed, washed 3 
times with distilled water and once with 
normal saline, and the supernate removed and 
discarded after centrifugation for 5 minutes 
at 3,300 RPM. The precipitated yeast was 
suspended in 10 times its weight of reagent 
serum and allowed to stand at room tempera- 
ture for 30 minutes. The yeast was then re- 
moved by centrifugation for 5 minutes at 
3,300 RPM, and the supernatant serum re- 
served as the fraction lacking C’3. 


All fractions of the reagent sera, being al- 


ways deficient in one complement component, 
were tested for complement activity and were 
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found to be completely inactive. The reagent 
serum fraction devoid of C’l and the reagent 
serum fraction devoid of C’2 were mixed be- 
fore each test and shown to have high ac- 
tivity. To be sure of high titers if and when 
the test serum contained sufficient amounts 
of the missing components of the reagent 
serum, the reagent serum always used 
in double amounts. 

In a separate group of experiments it was 
found that when rat serum is fractionated ac- 
cording to the method of Pillemer and asso- 
ciates! the fraction devoid of C’l did not 
produce a normal titer when added to the 
fraction devoid of C’2. The reasons for this 
behavior are at present under investigation. 
It was found, however, that the fractions of 
human complement can be used as reagent 
sera to test rat sera since the individual com- 
ponents of rat serum complement are able 


was 


to replace components missing in human 
complement. 
Results. Eighteen isolated rat kid- 


neys were perfused with 4 to 6 cc. of 
fresh rat serum. An initial drop in com- 
plement titer of approximately 0.2 
units, but occasionally up to 0.8 units 
was noted with great ‘regularity during 
the first 5 minutes of perfusion. No fae 
ther drop occurred thereafter if no 
nephrotoxic sera were added. This in- 
itial drop may be due to dilution of 
the perfusate with saline still rétained 
in the glomeruli in spite of perfusing 
the kideey with air before starting the 
serum perfusion. There may also be 
an initial unspecific adsorption of com- 
plement. When 0.4 to 0.6 cc. of anti- 
ratkidney rabbit sera (ARKR) were 
added to the perfusate the complement 
titer in the next specimen obtained af- 
4 5 minutes of perfusion was always 

0 (Fig. 2). Eight isolated rat kidneys 
were perfused with 4 to 6 cc. of rat 
serum and from 0.1 to 1.0 cc. of ARKR 
was added in increments of 0.1 or 0.2 
ce. Samples for complement deter- 
minations were withdrawn 5 minutes 
after each addition of 0.1 or 0.2 cc. 
of ARKR. There was a direct relation 


*We are greatly indebted to Dr. Beatrice Seegal and Dr. Walter Heymann for supplying 


some nephrotoxic sera. 
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between the amount of ARKR added 
and the fall in complement titers (Fig. 
3). The slope of the fall differed 
slightly with different ARKR_ used. 
When plain rabbit serum was used in- 
stead of ARKR no fall in complement 
occurred. When 0.5 cc. of ARKR was 
premixed with 5 cc. of fresh rat serum, 


the effect of cortisone added to the 
perfusate before the addition of ARKR 
was investigated. In 3 experiments 5 
mg. of cortisone acetate was added to 
the perfusate. Neither did the comple- 
ment titer of the perfusing rat serum 
change when the cortisone was added, 
nor was the fall in complement titer 


COMPLEMENT LEVELS BEFORE AND AFTER 
KIDNEY PERFUSION WITH NEPHROTOXIC SERA 
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Fig. 2—Complement levels before and after kidney perfusion with nephrotoxic sera. The 

lower curve shows the effect of 0.6 cc. antiratkidney rabbit serum. The upper curve shows 

the effect of antiratkidney duck serum in a different experiment followed by the effect of 
antiratkidney rabbit serum. 


the complement titer which was normal 
after mixture but before perfusion, 
fell to 0 after one to 3 passages through 
the isolated kidney. This result was 
constant in all 5 experiments of this 
type. 

Since cortisone produces diuresis in 
a high percentage of cases with the 
nephrotic syndrome preceded by a rise 
of the low complement titers to normal, 


upon addition of the ARKR and circu- 
lation through the kidney prevented. 
Sera of ducks immunized against rat’ 
kidney by repeated injections of rat 
kidney homogenates were used 
instead of ARKR. These sera 
(ARKD) were known to produce with 
great regularity a nephritic or nephrotic 
picture in the recipient rat after several 
days. None of the 3 ARKD sera used 
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produced a fall in complement when 
added to the rat serum and perfused 
through the isolated rat kidney (Fig. 
2). 

In order to see whether the fall in 
complement when ARKR was used in 
the perfusate is completely or partially 
specific to kidney perfusion, parts of 
the liver of 5 rats were perfused. Upon 


addition of ARKR to the serum perfus- 
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serum as perfusate and the same ARKR, 
the ratio of complement disappear- 


was 0.31 per gm. wet 


weight of tissue perfused. 

In order to see which components 
of complement specifically led to the 
reduction of complement titer in these 
experiments, the perfusate of 6 kidney 
perfusions with rat serum and ARKR 


COMPLEMENT LEVELS DURING 
KIDNEY PERFUSION WITH ADDITIONS OF 
NEPHROTOXIC SERUM (ARKR) 
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Fig. 3—The effect of antiratkidney rabbit serum on the complement levels before and after 
kidney perfusion with nephrotoxic serum added in increments of 0.2 cc. 


ing the liver a marked fall in comple- 
ment titer could again be _ noted. 
On a weight by weight basis, how- 
ever, the loss of complement activity 
was considerably less in the liver per- 


were tested for individual complement 
components. In all sera the reduction 
of complement activity could be traced 
to component C’2 as the limiting fac- 
tor. In all cases there was also a matk- 


fusions than in the kidney perfusions. 
If, for example, perfusions of the iso- 
lated kidney and isolated liver of the 
same rat were performed on the same 
day using the same fresh pooled rat 


ed reduction of component C’4 while 
C’l and C’3 appeared unaltered. 
Discussion. It has been suggested 
that the lowering of serum comple- 
ment, especially in the nephrotic syn- 


liver 
kidney 
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drome may be due to loss of comple- 
ment or one of its components into 
the urine of patients with severe pro- 
teinurias!*, or that the lack of forma- 
tion of complement or one of its com- 
ponents may be the reason for the low 
values found®. We were able to show 
that the loss of complement into the 
urine is not the reason for the lowering 
of complement in acute glomeruloneph- 
ritis or the nephrotic syndrome’. It ap- 
peared necessary to localize at least 
in experimental nephritis the site of 
complement loss and to obtain an ap- 
proximation of the amounts of comple- 
ment activity which can be lost at 
such a site. There appears to be a con- 
siderable difference between the be- 
havior of complement when mammal- 
ian or when avian nephrotoxic sera 
are given to mammals. When mam- 
malian sera are injected an immediate 
fall in complement occurs together with 
an immediate appearance of disease 
followed by a rapid rise of comple- 
ment activity to normal*?. This be- 
havior is exactly mirrored in the experi- 
ments described above where lar ge 
amounts of complement are lost in one 
passage through the kidney when 
ARKR is added to the serum perfusate 
of isolated kidneys. In this type of ex- 
perimental nephritis the antibody re- 
acts immediately with the glomerulus 
or one of its par ts and cellular destruc- 
tion occurs in the presence of, and 
under the use of, complement, thus re- 
ducing the complement level of the 
circulating blood. Since 0.3 to 0.4 ce. 
of nephrotoxic sera passing through one 
kidney can remove all complement ac- 
tivity ‘from 5 cc. of rat serum it is well 
understandable that the complement 
titer in the whule animal will fall to 
0 in rats injected with 1.0 to 1.5 cc. of 
nephrotoxic sera. If one considers in 
addition that considerable amounts of 
complement are removed by the liver 
and probably by other vascular organs 
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not yet studied, such a fall in comple- 
ment is explained by immunological 
reasons alone and does not require the 
assumption of loss of complement com- 
ponents into the urine or lack of for- 
mation of one or all of the complement 
components. Since, in human glomeru- 
lenephritis and the nephrotic syndrome 
complement remains low during the 
active disease, the experimental glo- 
merulonephritis produced by mamma- 
lian nephrotoxic sera appears immuno- 
logically only remotely related to the 
human disease. It cannot be used for 
therapeutic trials which attempt to sup- 
press autoantibody formation. In our 
and Ogawa and Sato’s*:!° experiments, 
nephrotoxic sera produced in ducks 
did not lead to an immediate fall in 
serum complement. Since Pressman, 
Korngold and Heymann"! have shown 
that these duck sera localize immedi- 
ately in the glomerular apparatus, it 
appears that this union of antigen and 
antibody is not connected with fixa- 
tion of complement. 

Izumit has described similar find- 
iugs in in vitro experiments using mam- 
malian antigen and avian antisera. It 
appears that cell destruction in experi- 
mental glomerulonephritis is depen- 
dent upon the fixation of complement 
or one of its components. For in the 
use of avian nephrotoxic sera the kid- 
ney remains morphologically unaltered 
until several days later when auto- 
antibodies to duck serum are formed 
by the recipient animal, as was so 
clearly demonstrated by Kay®. When 
these antibodies start to join with the 
fixed antigen in the kidney, comple- 
ment levels fall, accompanied by cel- 
lular destruction. The complement 
levels then remain low as long as anti- 
gen is available and antibodies are 
produced in a similar fashion, as seen 
in the human disease. 

The lowering of serum complement 
when liver was perfused with nephro- 


ot 

ts 

R 

er 

rt 

n 

d 

C- 

le 

| 


i N WENK INVESTIGATIONS INTO SITE OF COMPLI OSS 
TOXIC in good agreement with 2, When antiratkidney rabbit sera 
the nndin of Pressman and Ke igh were added in small increments to the 
| ino rad 
Cy USTs idioactively labelled neph kidney pertusate the fall of compl 
rotoxic sel ind with the findings ot ment activity after passag through the 

Masu “ ilways found damage to kidney parall led the amount of ne ph 
th Vas ( > 

epnrot Sera were miected It ap | 

» One passa through the kidney 
pears fi these and our findings that 
| often sufficed to remove ill mpl 
it least ephrotoxic sera gained trom 

ment activity in this experiment 

vhole kidney homogenates are directed 

Cortisoi to t pertusat 
re iwalnst capillaries throughout the I if ‘ 
| ] in large amounts | not prevent th 
ay thal nly specifically against glo 

merular tissue fall in complement activity 
The removal of predominantly com ». Antiratkidne luck sera did no 
plement component C’? and to le SSeT produce fall nplement ictivil 
extent t wonent C’4 by the pertu ol the rfusate circulating thi h tl 
S nh I kidnevs with nephrotoxic kidney 
era, 1S ntical with the pattern found 6. When antiratl v rabbit se 
by us sera ol patients with acute was added to rat serum pert ! 
ulonephritis O1 the nephrotic isolated rat liver 
vndrome were analyzed for the limiting ‘Isc fell The complement h 
components of complement activity’ 
evel WaS much Vi it 
Summary Isolated rat kidneys 
eight basis whi was pertus 
ere d from artery to vein with 
than when kidne nertused 
recir tion, with freshly pre pared rat 
1] he lower 
serum. When small amounts of antirat rh 
kidne ibbit serum were added to the tivit ut th aC] 
perfusate the complement titer of the era to rat 
I 
pertusate fe to O atte passage through marily due to re npon 
he kidney 
REFERENCES 
l. Ecker, E. E., Pillemer, L., Seifter, S.: J]. Immunol., 47 
2. Heymann, W | The Nephrotic Syndrom« New Ni 
Hoene R el ed Wel §2. 1952 
Izumi F. | Endo rin 16. 1S L940 
>. Kay, C. I Am. J. Med. Sci., 204, 48 1942 
6. Lange. K.. Slobody. L.. Graig. | Ogur, G., Oberman, J].. LoCasto, F. Ay 
SS, 4 195] 
7. Lange, K Wenk, E. J.: | be publis] 
Lange. K.. Wenk, E. J.: \ Med. Se 228. 448 
) Masugi, M.: Beitr Zz. patl Anat 92, 28, 19 
0. Ogawa, S., | Sato, Y.: rr. Soc. Path. Japan, 28, 212, 1938 
|. Pressman. D., Korngold, L.. and Heymann, W.: Arch. Pat 55 { 195 
2. Pressman, D.. and Keighley, G.: |. Immunol., 59, 141, 1948 
Seifter, S.. and Ecker, E. E.: J]. Clin. Invest., 25, 108, 1946 


| 
| 
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slutination was. origin 


by Landsteiner® in 1903 
xt 40 vears most of the 
phenomenon was limited 
where it was often dealt 
itv. In the past decade, 
has been an increasing 
Id hemagglutination of 
cytes not only in the lab 
loving it as an ancillary 
edure for primary atypi 
but also because the 
these antibodies in high 
rely be implicated in the 


iptomatology ot a pa 


ruthy 


1 ¢ 


leosis 


re recently, it has been 
that cold agglutination of 
wytes may be a significant 
sO called false-positive 

‘lutination tests for in 
* In view of the 
tion, it became of interest 


whether or not cold agglu 


Ce p red blood cells behave 


intibodies. 
antibodies, it will be re 
x to a large class of hetero 


lies. The latter are de- 


intibodies which are capable 


cting with antigens that are unre- 


to thos 


uction 


Mc 


e which stimulated their 
Forssman antibodies con- 
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stitute a subgroup of heterophile anti- 
bodies, and are differentiated on the 
basis of absorption characteristics. 
Forssman-type heterophilic antibodies 
are absorbed by suspensions of guinea- 
pig kidney but may or may not be ab- 
sorbed by suspensions of boiled beef 
erythrocytes The heterophile anti- 
bodies which are induced by infectious 
MmOnOTIUC leosis on the other hand, are 
not absorbed by guinea-pig kidney sus- 
pensions, but are removed by absorp 
tion with boiled beef erythrocytes. 
These characteristics have been utilized 
by Davidsohn to devise a differential 
absorption test for the diagnosis of in- 
fectious mononucleosis'. 

The purpose of this report is to pre- 
sent the results of pertinent absorption 
studies of cold agglutinins for sheep 
erythrocytes. In addition, certain impli- 
cations of the findings will be discussed. 


Material and Methods. source OF SERA 
Phe sera used in this study were selected from 
7.000 specimens ollected from over 2,200 pa 
tients and normal subjects The patients rep- 
resent a wide variety of clinical material, 
including infectious mononucleosis, leukemia, 
lymphoma, collagen disease, serum sickness 
after tetanus antitoxin and due to penicillin 
therapy, acquired autoimmune hemolytic dis- 
ease, and acute and chronic infectious dis- 
eases. All of the sera were subjec ted to the 
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fests on sera tro patients with in 
fectious ure shown 
| ible 9 Inspection of th results on th 


til) ibsorbed spt 


reve ils that th 
titers observed overnight retri 
GLUTININS FOR SHEEP ERYTHROCY TI 
{ { 
( A RB 
eration at 4 ¢ ire ften reduced uy 


warming the tubes to 37° C. Aftei 
rie i-pig kidney 
the titers generally equall 


sorption with vl 


pension 


were slightly less than those of 
warm readings on the respective w 
sorbed sera 

Discussion. Phe cold oluti 
present in the sera tested in this st 


behaved as Forssman antibodies it 
Phe 


il) 


ibsorption tests 


exhil 


cold agglutination dilutions uj 


# 


FORSSMAN-LIKE BEHAVIOR 


COLD HEMAGGLUTININS 


5 in tests with the particular sheep — period of investigation that Davidsohn 


employed. In other studies'®, cold — introduced the guinea-pig kidney sus 


ol] lutinin titers of 1:256 have been ob- — pension absorption test for use in the 
| in tests with random lots of “specific” diagnosis of infectious mono- 
p cells. Furthermore, since the titer —nucleosis. Later, the Davidsohn_pro- 
been shown to depend on both the cedure was modified to reading of the 
erum specimen and the par test after only 2 hours of incubation at 
r lot of sheep cells used, it is likely room temperature. However, a number 
t even higher cold agglutinin titers — of laboratories!" purporting to use the 
occasionally be encountered. Ob latter Davidson technique have, never- 
ly ch titers are of sufficient mag- theless, placed the tubes in the refrig- 
tude to be misleading if their true — crator overnight before reading the test 
re nrecognized. In this connec results 
BLI PESTS ON SERA FROM PATIENTS WITH INFECTIOUS MONONUCLEOSIS 
nabsorbed fhsorbed tha. P Kidney 
Titer Aft / ft Titer Afte Titer Afte 
0 ght ( hr. ( ( Overnight ( hr. (a ( 
~ 69-1507 1 256 1 G4 1 256 1 64 
1 1605 1 128 1 128 132 132 
1649 1 G4 116 132 
1600 1 G4 $2 116 1 16 
24 1S 0 
255 1S 0 0 
| 0-58 1 1024 1 256 1 1024 1 256 
0-212 132 116 18 0 
0-250 1 64 116 18 0 
210 1 1024 1512 1 25¢ 1 256 
1) 248 1 128 1 128 1 256 1128 
529 1 128 1 64 1 32 1 32 
$21 1512 1 128 1 128 1 G4 
334 1024 1 256 1512 1 256 
2 0D 1 1024 1/512 1/512 1512 
2-356 1 G4 116 132 0 
the finding that cold agglutinins In retrospect, therefore, it appears 
heep erythrocytes are absorbed by that cold agglutinins may well have 
ea-pig kidney suspension raises im been responsible for much of the early 
tant questions with reference to the confusion with regard to results of the 
terophile agglutination test for in-  Paul-Bunnell test. The guinea-pig ab- 
tious mononucleosis. The original sorption test apparently removes both 


ratory test described by Paul and cold and warm agglutinins of the Fors- 
nnell® called for reading the results | sman type. However, cold hemagglu- 
r overnight refrigeration in the ice- tination is readily dispelled re- 

Similarly the results of tests em- warming the test serum-cell mixtures 
ved by Davidsohn in 19297, 1933*, after overnight refrigeration. This is 
| 1935°, were all read after overnight both more simple and more econom- 


++ 


trigerationAn all of these tests, there- ical than the guinea-pig absorption pro- 
re, the cold agglutination phenom- cedure. It seems logical, therefore, that 
n was undoubtedly a factor in many _ results of heterophile agglutination tests 
the test results. It was during this which include overnight refrigeration 


FORSSMAN-LIKE BEHAVIOR OF COLD HI MAGGLI PININS 


in the procedure should be read only — subjected, of course, to the guinea-pig 
after a suitable period of further incu kidney absorption procedure. On_ th 
bation at 37° ¢ basis of experienc and the findings 


[his procedure is followed in this noted herein, however, it appears that 
PI 

laboratory and in thousands of tests the indications for ibsorption ot sera 
pertormed ovet the past 7 years, warm with suspensions of guinea-pig kidney 


agglutinins due to causes other than can be greatly reduced by simply elim 


infectious mononucleosis have been in inating the cold hemagglutinin factor 
frequently detected. Furthermore, it Summary and Conclusions. Absorp 
has been extremely rare to observe a_ tion tests wer performed on human 
significant change in titer of such ag sera containing cold hemagglutinins for 
glutinins in tests on successive serum sheep red blood cells. The resulting 
specimens Antibodies present in non absorption patterns indicate that sucl 
changing tite) are, of course considered cold hemageg¢lutinins behave is. Fors 
to be unrelated to a given patient's —sman antibodies 

present illness. In contrast, there is a Cold agglutinins for sheep ervthre 
dynamic antibody response in inte cvtes mav be removed by absorption 
tious mononucleosis which can be de with guinea-pig kidney suspension o1 
tected by testing appropriate serum dispelled by warming to 37° C. In th 
specimens under standard conditions interests of economy and simplicity 
Whenever unexplained warm agelu is recommended that the latter pro 
tinins have been encountered in tests cedure be followed in routine heter 


in this laboratory, the sera have been — phile agglutination tests 
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iat se of nasal medication is both more or less temporary effect, sustained 
spread and popular. Mounting at- in proportion to the length of treat- 


recent years to nasal physiol- — ment. Use of cortisone in 1:4 dilution 
histopathology, and bacteriology lessened the amount of nasal discharge 


nduced many clinicians to employ and decreased the edema of the nasal 


medication in a sound. rational mucous membrane. Relief of mild 


ner. This is all to the good; in an — asthmatic symptoms, such as wheezing, 


that is still characterized by undis- cough, and tightness of the chest, was 
ined usage of antibiotics there is noted by many patients, although 
iter need than ever for intelligent severe asthmatic attacks were unaffect- 
rapeutics ed. Some nasal polyps were seen to 


Ever since Bordley' first observed shrink, others to disappear tempo- 
it nasal sprays of cortisone result in rarily. In general, use of the diluted 
low but definite regression of nasal cortisone nasal spray produced tem- 
ps, interest among rhinologists and porary relief from the symptoms of 
ergists in the intranasal application allergic rhinitis. Of 25 patients thus 
the drug has risen. Dill and Bolstad* — treated, 12 (48%) showed pronounced 
| cortisone in a 1:4 dilution (1 ce. improvement; 6 (24%) patients had 
rtone acetate to 4 cc. of physiologic some degree of improvement, but were 
ium chloride solution) as an intra- classed as doubtful: while the remain- 
il spray 4 times daily in a group of | der (28%) evinced no improvement and 
patients with allergic rhinitis. They were considered failures. Wall and 
nd that the substance produces a Shure!” injected from 2.5 to 25.0 mg. 
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of cortisone in suspension submucosally 
in the inferior turbinates of 65 patients, 
52 of whom had allergic rhinitis and 
13 of had rhinitis. 
Eighty per cent of the patients with 


) 


whom vasomotor 


( 


emonstrable allergy responded tavor- 


ably to the procedure, obtaining reliet 
for periods lasting from 6 weeks to 
10 months. The most satisfactory re 
sponse was elicited in patients with 
tllergic rhinitis: 12 of 13 patients with 


vasomotor rhinitis did not obtain bene 
ht the 


diate 


trom injections. Severe, imme 


unexplained constitutional reac 
tions occurred in two patients 
lo have maximum therapeutic value 
drug should be absorbed rapidly and 
he In this 


connection route has 


isily 
the 


ilso ( 


administered 
intranasal 
conside l ible 


of the 


membrane and because the nasal cavity 


merit, especially because 
vascularity of the nasal mucous 
lends itself readily to the administration 
of The 


importance nasal mucous mem 


medication by 
of the 


brane as a route for drug administration 


nasal patients. 


when systemic effects are sought was 
recently demonstrated by Tonndorft and 
his associates They compared intra 


nasal medication with hvoscine (sco 


polamine hydrobromide ) applied as 
nose-drops or by means of nasal sprays 
with the oral and subcutaneous admin- 
istration of the drug. Employing a rela 
tive decrease in the production of saliva 
as a criterion, hyoscine was shown by 
them to be more rapidly, completely, 
and uniformly absorbed after 
than after oral administra- 


tion. Nose-drops were found superior 


intra- 
nasal use 
This was believed due 
to the fact that because of the relation 
of droplet size to surface tension, the 


to nasal sprays. 


fine droplets produced by a spray are 
confined to the site at which they im- 
pinge, thus resulting in poor “wetting” 
of the epithelium. Moreover, part of 
the drug may even be swept along into 


the nasopharynx by muco-ciliary action. 
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On the other hand, the comparatively 
large drops dispense d by nose-drop In 
stillation spread to 
areas and establish better contact with 
the 
membrane. The addition of a detergent 
to the 


spray provided as etfective 


may much wider 


epithelium of the nasal mucous 


wetting agent nasal hvoscine 


il medium 
of drug administration as nose-drops 
presumably by permitting penetration 
ot ot 


shown to be absorbed 


the laver mucus. Hvoscine was 


it and to 


mbling subs ul 


a rate 


a che gree more nearly 
taneous administration than oral admin 
This to 


the findings of some investigators whi 


istration appears wit! 


either found no apparent svstemic et 


fects after intranasal administration, o 
else attributed these effects solely t 
the swallowing of excess medication 
The intranasal absorption of atropin 
was also studied by Hyde and his as 
sociates who used. the depression 

salivary secretion as a criterion. Th 
addition of a detergent and of hvalu 


| 


onidase to atropine nose drops had 1 
effect on the degree 
tion 

Since the introduction of liver ther 


apy by Minot and Murphy, the treat 


rate o1 ot absory 


ment of pernicious anemia has unde 
gone numerous ilterations in proce 
ure. Monto and Rebuck? utilized cr 


B 


solution 


sodit 
t} 


substance intranasally in a small grot 


talline vitamin in isotonic 


chloride administering 


of patients with pernicious anemia 


relapse. satisfactory hematologi 
clinical response was obtains 
maximum reticulocyte increase 


ring between the eighth and tenth d 
of treatment, and correlating with t 


of Nasal 


crystalline vitamin 


severity the anemia. instil 
ot 
duced no objective or subjective « 
toxicity sensitivity at 

local site. Nasal instillation of the s 


stance resulted in significant amor 


tion 
dence of 


of vitamin B,. activity in the urine 


on ot 


OTO-RHINO-I 


ntra medication has definite in 
itions and purposes. If these are 
nized and if the underlying nasal 
condition is properiy evalu- 

nd the medication employed ju- 


tisfactory clinical responses 


requently be elicited. Nasal vaso 
trict for example, occupy a 
position among the var 

measures employed by 
blic for the relief of nasal 

tion and the common cold. Al 
ing relief is temporary, 


the discomfiture caused by 
bstruction is welcome. to 
ht patients. For physicians to 
opportunity of producing 
tior hen such effect is easily 
le ntamount to complete 
peut eglect 
blem of producing new sym 
imines is of great 
has been slowly gathering 
pharmaceutical world. 
rs various nasal vasocon 
ombination with various 
n and anti- 
Wn lrugs have been introduced. 
the available combinations in 
ch antibiotics as polymyxin B 
( ramicidin, and neomycin. 
me forms of combined intra- 
liq | medication have their ar- 
rters, other investigators 
mbination liquid nasal solu- 
th considerable restraint. In 
vent 


event, when a nasal vasoconstrictor 
ombined with any of the currently 


tablished antibiotics. antihistaminics 


des, one feature is certain: 
siologic relief is obtained primarily 
the shrinkine c — 
he shrinking component. 

ibricant* not long ago described 
effect of progressively buffered sol- 
ephedrine on the nasal mucous 
mbrane. In this investigation, the 
ht nasal passages ot 10 rabbits re- 
\ measured instillations of a pro- 
buffered solution of 19 
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ephedrine hydrochloride in isotonic so- 
dium chloride solution, the left nasal 
passages serving as a control, 3 times 
daily for a period of 30 days. The 
ephedrine preparations bore pH values 
ranging from 2.5 to 12.0. Each of the 
animals was killed at the end of 30 
days, the turbinal structures removed, 
and sections prepared for histological 
study. At necropsy, gross purulent exu- 
date was demonstrated in animals treat 
ed with solutions of ephedrine buffered 
to pH 3.0, 3.5, 4.0, 4.5, 7.0, 11.5, and 
12.0. In numerous instances the micro- 
scopic sections revealed a_ similarity 
between the ephedrine-treated and the 
untreated nasal mucous membranes, 
with minimal histological changes. For 
the most part, the pathological changes 
in the respiratory nasal mucous mem- 
branes consisted of slight to consider- 
able hyperemia; acute, subacute, and 
chronic inflammation; and varving de- 
grees of suppuration. In general, highly 
acid and highly alkaline solutions are 
more likely to produce traumatic and 
suppurative nasal mucosa changes. 
Finally, Fabricant! points out that in 
the human nasal cavity, the pH _ of 
nasal secretion in situ in clinically nor- 
mal adult nasal passages ranges from 
approximately 5.5 to 6.5, whereas in 
infants and young children it ranges 
from 5.0 to 6.7. During acute rhinitis, 
acute sinusitis, and the more active 
phases of allergic rhinitis, the pH of 
nasal secretion is on the alkaline side, 
and then shifts back to the acid side 
when the state of clinical resolution is 
reached. It is during the time of acute 
nasal embarrassment that the nasal mu- 
cous membranes are inflamed or con- 
gested, the secretions are increased, 
and nasal breathing itself becomes 
more labored. Nasal alkalosis takes 
place in response to the act of hyper- 
ventilation ( blowing off of carbon diox- 
ide), and this presumably can explain 


, 
| 
\ 
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the alkalin 

during acute rhinitis, acute 
ind the 
rhinitis 


in part the reason tor 
nasal state 
sinusitis more active stages of 
allergic 

In conclusion, intranasal treatment 


ol the hi 


rational, physiological nasal medication 


iman nasal cavity by means of 


requires not only treatment of mucous 


membranes including ciliary action 
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(including the mucous blanket). Nor 
mal nasal secretion, including the mu 


blanket. 


acid barrier against infection, for it has 


cous possesses a purposeful 
been established that acidity as reflect 
ed in low pH values is unfavorable to 
the growth of pathogs nic bacteria and 
that 


composition when rece ding 


acid 


aller 


nasal secretion possesses an 
I 


but also treatment of nasal secretions gic attacks 
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Nopu.ar lesions of the legs present 
lificult clinical problems. In previous 
reviews two processes** with nodular 

ions, often involving the legs, have 
een described. The present compila- 
tion details information on a third type, 
iot so well known, nodular vasculitis. 
It is the purpose of the account to com- 
pare nodular vasculitis with erythema 


iodosum liponecrosis ( Weber-Chris- 
tian syndrome) and especially with 
erythema induratum, which is in reality 
probably tuberculous nodular vascu- 
litis 

Nodular vasculitis is a designation 
for a number of nodular syndromes, the 
itusation of which cannot be deter- 
nined but the morphology of which 
reveals the group to be closely aligned 
to erythema nodosum and erythe ma in- 


duratum. It is a widely inclusive term 
embracing both acute and chronic proc- 
esses, and it has been applied to cases 
of nodular phlebitis and periphlebitic 
indurations**. Erythema nodosum is an 
acute nodular process which, although 
it may be of idiopathic nature ( specific 
disease) in some cases, may also be 
the result of tuberculous infection, 
rheumatic infection, an infection with 
Beta hemolytic streptococci, a non- 
specific allergic reaction, and a non- 
spec ific manifestation of various factors 
of toxic type or concurrent infections. 
It is not always possible to differentiate 
with certainty the idiop: ithic type from 
the symptomatic variety especially that 
due to tuberculous infection. Only after 
prolonged search in some instances is 
the tuberculous focus uncovered. Fat 
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necrosi hile not specifically involy 
ing the | 
tremities otten enough to be 


rhe 


hristian r¢ pre sents 


localizes on the lower ex 


] 


{ 
luce 
svndrome ofl 


ISS1IOTI 


a spontan 


eous | ( 


\lontgomer 


umscribed pannic ulitis 


O Leary ind Barker? 


ive designated another clinical variant 
I spont panniculitis, the non 
tubercul form of erythema indura 
tum. as nodular vasculitis. Thus the 
horderlin between true idiopathic 
panniculit ind nodular vasculitis is 
indehnite frue erythema induratum 

long been considered as_ being 
tuberculous in origin but only a few 


cases have had this background prov 
Author ties | otten 


essity of proving the tuberculous 


lave insisted on 
the nee 
bac nd otf thes 


have even denied that tuberculosis has 


cases®> and some 


invthing to 
Sulzbe 


do with this process at all. 


has summed up the view 


point as tollows 

Dermatologists must agree today 
with Bros 1S idea of reaction cutanée 
in regard to many of th morphologi 
ntities kor In nodos« ervth 


iltiform ervthemas, in sar 
ictions and in similar conditions 
it has been proved that closely similar 
or almost identical clinical and micro 
scopic pictures can be produced by dif 
ents. It would be 
that the remark 


those conditions of the 


rerent etiolog.1 


tempting to say same 

may apply to 
] 

legs diagnosed as erythema induratum 

Ol papulonecrotic tuberculid and that 

have a different cause in 


they May 


different cases. Unfortunately, this has 
been proved to be true. It does 


not seem that an) typical case has ever 


level 


been prove d due to any etiologic agent 
other than the tubercle bacillus. Thus, 
a case of nodose ervthema mav be 
caused by a stre ptococcus bv the lepra 
bacillus, by the virus of lymphogranu 
loma venereum, by a drug such as bro 


mide or iodide or salicylate and by one 
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of many other etiolo agents. How 
ever. there are no authenticated and 
well studied cases of Bazin’s disease 
with th typical clinical] picture and 


change S ind no Cas ot 
lone tuberculid 

papulonecroti tuberculin in 
ent other than 

the tubercle bacillus { been proved 
typi il CASES hich 
thorough and proper examination 
have bee) 


histologic 
pi al 


which causation by an 
extensive 


been mace shown to hye ot 


undiscoverable cause have eventu 


lv been shown to be of tuberculous 
In these etiol examinations 
the determination of m CrOscopic O1 
microscopl changes 1 t necessarily 
play a minor role. For since one starts 


by oranting the that similar o1 


prem 


identical changes must be the result 


ol differ nt causes, one Can obviously 
draw no binding conclusion as to caus 
ition by means of mere morphologi« 
factors consider epidemiologic 
ones, immunologic reactions and pat 
ticularly bacteriologi: investigations 


Proper bacteriologic investigation of a 


cutaneous lesion suspected ot he mg a 


tuberculid mav have to consist of many 


biopsies of abundant tissue from vat 

IOUS le S1ions mM Variou st ives ot cle vel 

opment and involuti¢ ind numerous 


animal inoculations with this material 
It is sometimes necessary to inoculate 
as many as 10 guinea pigs from each 


pecimen of tissue, and all the animals 


allowed to live until one is certain that 
not develop in 


Whereve1 


one has been 
enough to have 


rac ilitic S tor 
has 


eventually 
shown that in typical cases of Bazin’s 


tuberculosis will 
them 
fortunate 


some 
one of 
such studies, it been 
disease and papulone crotic tuberculids 
tuber¢ le bac illi are pres nt, regardless 
of whether the histologic morphe pre 
sents banal perivasculitis or tubercl 
structures. In this manner, the lesions in 
ot ‘Periphlebitis 
shown to 


Phillipson’s OWn Cases 
necrotisans 


be tuberculids, and 


nodularis were 


Phillipson himself 


——— 


remperature 
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ubli he d 


this fact and withdrew his 


escriptive term in favor of Darier’s 


tiologic designation. 


While there is disagreement with re- 


pect to the possibility of multiple 
ises for the erythema induratum 
vndrome, all are agreed that most 
tients with this disease have unstable 
rculation Chilblain), Michelson* 
mmarizes this unstable circulatory 
tate most succinctly. “Their blood ves- 
ls react in an abnormal manner to 


al- 


changes; they nearly 


have cutis marmorata which de- 
otes a disturbance in the ability of 
the terminal vessels to accommodate 
themselves to physical stimuli. Very 


kely this results in a metabolic insuff- 
encv which affects the chemistry of 


the tissues in the injured area.” 
On the other hand, O’Learv** called 
ttention to the difficult diagnostic 
oblem of nodular lesions of the leg. 


The clinical picture may suggest 
thrombophlebitis, erythema nodosum, 
criarteritis nodosa, panniculitis or 
idular vasculitis. Physicians who have 


id considerable experience with these 


mnditions frequently differ in their 
linical inte rpretation of these lesions. 
It is seldom that all are in diagnostic 
cord. The histopathologic study may 
be equally misleading if the biopsy is 
me with a skin punch, because in the 
cemoval of such a small piece of skin, 
the fundamental pathologic process 
y be missed and an erroneous diag- 
osis made on the secondary pathologic 
Accordingly a wide excision 
f the nodule with the study of serial 
ections is more likely to result in ac- 
urate The term nodular 
asculitis to include the 
iodular lesions of the thighs as well 


hang S 


diagnosis. 
was coined 
s the lower parts of the legs in middle- 
ged adults. usually In pa- 
tients with this condition evidence of 
determined by histo- 
athologic examination, animal inocu- 


women. 


uber« ulosis as 


17 | 


lation studies and clinical surveys has 
been negative. The lesions are not as 
large or indurated as those of erythema 
they in crops 
with periods lasting several months 


induratum, and recur 
when the patients are free of the nodes. 
Hypertension in moderate degrees has 
been a most consistent observation in 
In vasculitis 
too it is necessary for the patients to be 
examined by a physician who special- 
izes in vascular diseases, for most of 


these patients.” nodular 


these patients will be found to have 
a serious vascular disturbance which 
has given rise to the affection. 

Thus, since vascular changes are a 
basic factor ot the nodular processes 
of the legs, a brief statement of the 
cutaneous circulation and cutis mar- 
morata is in order. 

By injection of dye, Renaut®* demon- 
strated that each artery rising from the 
subcutaneous plexus supplies a conical 
section of skin, the apex of which is 
directed inward. 
and each when injected, filled rapidly 
at first. However, as the adjacent blue 
other, the 
spread of the dye was retarded and 
final fusion of the areas was relatively 
slow. The anastomatic channels at the 


Each cone is a unit, 


areas approached each 


periphery of each cone, while present, 
are relatively small, and it is in these 
regions that the circulation through the 
skin is In recognizing this, 
Renaut referred to the central “areas 
of maximum circulation” and_periph- 
eral reduced circulation.” 
These regions of reduced circulation 
join one another in a network which 
presents angular “nodes” at the junc- 
tion between three or more cones. 

It is apparent that the number of 
arteries rising from the vascular plexus 
at the dermosubcutaneous border will 
determine the size of the cone. The 
relative size of the anastomatic chan- 
nels will determine the degree to 
which the circulation is impeded in 


slowest. 


“regions of 
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the peripheral areas. In the normal 
skin this configuration cannot be seen. 

Auspitz*, in 1874, demonstrated that 
the network could be visualized by the 
application of a venesection band and 
he showed the relationship of the net 
work to the 
smallpox Su 


lesions of measles and 


Thomas Lewis*® traced 
the pattern on his own arm, and show 
ed it to he 


to map it out 


constant within his ability 
List, in studies of cutis 
marmorata demonstrated that the dark 
lines always occupied the same spots 
Lewis believed 


ANY individual. 


that any impairment of circulation 
tended to accentuate the reticular pat- 
tern. Adamson! discussed the relation- 


ship of livedo reticularis to other dis- 
eases such as urticaria, syphilis, para 
keratoses variegata and Bazin’s disease 
ervthema induratum 

The occurrence of this reticulation of 
the skin in 
in others defies explanation. It 


some individuals and not 
seems 
at times to be associated with xerosis 
of mild to 


relatively frequent among mongoloids 


moderate severity and is 
whose tendency to drvness of the skin 


is well known. Reticulation is an al- 

most universal finding, post mortem 
The thermal response of the skin in 

Chilling 


will accentuate reticulation when pres 


this regard is also variable. 
ent, and bring it out in some persons 


when it is not noticeable otherwise. 
Yet not evervbod\y develops it even 


cold. Con 


versely, it can sometimes be brought 


under sever exposure to 
out by exposure to heat, but not all 
persons will develop the erythema ab 
ione, 


Clinical 
taneous 


manifestations of these cu- 


vascular phenomena have 
been divided into three stages". 


l. Cutis 


mottling due to impertect vasomotor 


marmorata, a_ transitory 


control. 
2. Livedo reticularis idiopathica, dif- 


fering in that the mottling does not 
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disappear on application of pressure 
or warmth. Some cases of this seem to 
be nevoid in character and develop in 
families associated with other develop 
mental abnormalities. 


) 


3. Livedo reticularis symptomatica 


of which more will be said later. 
that 


bi mg out 


Unna™ was the opinion 


spasm of the veins would 
the pattern, but Spalteholz as well as 
Ehrmann thought the difficulty lav en 
tirely within the capillaries 

Krogh ‘has shown that not only ar 
the arterioles and capillaries inde pen 


} 


dently innervated, but the capillaric . 


will respond to direct stimulation as 
well. In the presence ol adequate OX\ 
the chief factor in 


hormone 


gen tension main 


taining capillary tone is a 
which Krogh ascribes to the pituitary 
gland. Ebert? postulated that a reduc 
tion of circulation through these fringe 
areas by abnormal arterial spasm leaves 
first aftected 


bv loss of oxygen: tension and absence 


these capillaries to be 


of the hormone. 
Barker, Hines and Craig*' 
that the reticular pattern often appears 


comment 


too coarse to be the stasis in fring: 


areas. This coarseness was studied by 


Williams and Goodman“ 
livedo 


Wi a CAaASC OI 
reticularis. In their 
noted that at th 


periphery of the involved area fine lines 


idiopathic 
measurements they 


of livedo radiate into and disappear 
Just inside this the 
involved to uninvolved. skit 


in the normal skin 
ratio of 
irea is one to three. As one proceeds 
to the center of the affected part thi 
ratio changes and reverses itself. Her 
small pale circles indicate the very 
the arterial 


situation was noted by 


center of cone: a similar 
Adamson in the 
case of erythema ab igne. 


Wil 


reticu 


Those processes classified by 


liams and Goodman as livedo 
deserving 


this 
they placed the cases in which lived 


laris symptomatica are 


further consideration. In grou] 
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is associated with, but not necessarily 


ue to, other abnormal states and the 
eneral patterning was of a permanent 
tur \s examples they mention 
thema ab igne, asphyxia reticularis 

Itiplex of Unna, tuberculosis and 
philis. To this list Ebert added ex 
sure to cold. arteriosclerosis, intec 


OUS ise SCS 


such as typhus and endo 


rditis, and toxic reaction following 
rsphenaming injections. Other addi 
ms to the list have been: alcohol’, 
eriarteritis Weber- 
hristian Syndrome!>, erythrocvan 
ind sarcoid It will be noted 
t tl list comprises a good differ 
tial diagnosis of the nodular vascular 
Case iffecting the extremities 
Barker Hines and Craig~" reported 
es ranging in severity trom perman- 
nt discoloration through ulceration 
d cicatrization to gangrene necessi 
ting amputation. Williams and Good 
in sum up the situation thus: Cutis 
rmorata, mild as it is, is only the 
t of a long series, gradually increas 
in extent and severity and consti- 
ting im the more severe cases a per- 
inent dishgurement. 
Nodular Vasculitis. The actual con 
pt of nodular vasculitis has been long 
developing Since erythema indura- 


1S61° 


tology has passed through a series 


m was first described in der- 


evolutionary phases which give 


re basis for the grouping of numer- 


facts difficult to correlate into a 
ssologic class. Although many 
thors 24,42,46,53-56,61,75 had de- 

bed the tuberculous origin of all 

es of erythema induratum, it was 
t until 1945 that Montgomery, O- 
iry and Barker* elaborated 

concept under the term nodular 


‘culitis. In spite of the denial by 
me that it is not an entity” distinct 
m ervthema induratum, excellent 
dies m support of the identity of 


lular vasculitis have appeared. In 


1949, Woodburne and Philpott** re- 
ported 6 cases, Vilanova™ detailed the 


findings in 16 cases and Irgang?® ob- 


served 2 examples in Negro cases. In 
addition, case reports in various so- 
ciety proceedings have recorded a 


number of such patients, for example** 
The term nodular vasculitis was intro- 
duced by O'Leary 
Barker variant of 
thema induratum in which no evidence 
of tuberculosis could be found. This 
idea originated with Audry* who dem- 

patient in 1898. Be- 
same vear, Thibierge® 
‘cases in younger 


Montgomery, and 


to ide ntify a 


onstrated such 
cause in the 
presented 
women in whom tubercle 


ot } 
bacilli were 
found, considerable discussion arose 
notably British dermatolo- 
gists. Gallow: iy"! pointed out that there 
were indeed two ty pes of erythema in- 


duratum, one 


among the 


nodular tuberculosis, the 
Both he and 
“solid edema,” the 
and the * 
No evidence 


other entirely circulatory. 
Savil® 
mottled appearance 
paralysis. 


stressed the 
‘vascular 
of tuberculosis 
could be found in the cases presented. 

Whitficld®® was also an early investi- 
gator of these conditions. He called at- 
tention to the the disorder 
after the age of thirty, with more pain 
and more rapid he aling of individual 
lesions in the nontuberculous type. 
There rheumatism 
in many cases as well as dyspepsia, pi al- 
pit ition or other functional disease of 


onset of 


was an associated 


the nervous system. Two of his pa- 
tients gave evidence of various other 
dvsf} ons. 


in discussing the histopathology, 
Whitfield points out the atrophy of 
fat, which he claims is not qualitatively 
different from that seen in simple star- 


vation and the cellular infiltration 
which is responsible for the “solid 
edema” of Galloway. He insists that 
these changes are nonspecific, that 
they closely resemble the changes of 
tuberculosis and must not be relied 


7] 
| 


174 PROGRESS OF MI 


upon to provide a diagnosis. Only bac- 
teriological examination can be depend- 
His belief was that 


in the nontuberculous form an etiologic 


ed on to do this. 
agent would be found whose role cor- 
re spond d to that of the tubercle bacil 
lus in typical Bazin’s disease. Later 
calle d the 
cular changes consisting of infiltration 


Galloway attention to vas 
and endothelial proliferation which he 
was able to distinguish from those oc- 
curring in syphilis. 

During the 


ol 


following years termin- 
Was discussed and simplified, 
dropping such terms dermatitis 
necrotisans and periphlebitis nodularis 


necrotisans, and the search for etiologic 


wents continued. As_ stated above, 
Sulzbereg commented that “all typ 
ical cases (of Bazin’s disease ) in which 


extensive thorough and proper exam 


has been made have been 


ination 
shown to be of undiscoverable cause, 


or have eventually been shown to be 


of tuberculous origin.” Proper investi- 


gation would consist of epidemiologic 
and immunologic studies, and biopsies 
of lesions in various stages of develop 
ment. E 


subjected to 


ich tissue removed should be 
and _bacteri- 


ologic study with portions of each in- 


histologic 


jected into as many as ten guinea pigs. 
In redirecting interest to nodular vas- 
culitis, Montgomery et al. adopted 
four points as evidence of tuberculous 
origin of erythema induratum: 
Positive 
to inoculation. 
9. The 
pathologic changes of tuberculosis, in- 
cluding the 


reaction of guinea pigs 
presence of accepted histo- 
presence of typical tu- 


with or without 
tion of tubercle bacilli, and not merely, 


bercles. demonstra- 


collections of epithelioid cells and for- 
eign body giant cells or the presence 


of caseation necrosis without the for- 


mation of tubercles. 


3. Contributory evidence such as 


proof of active tuberculosis elsewhere 
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in the body or a history of previously 
recognized tuberculosis, positive roent 
genologic findings or strongly positive 
tuberculin reactions 

1. The clinical appearance and typi 
cal course of accepted types of cutan 
eous tuberculosis. 

Montgomery and his co-workers us¢ 
the term nodular vasculitis to refer to 


relatively chronic persistent or recur 
nontuberculous 
occurring chiefly on the legs 
the knees. Occasionally they ul 


They 


rent nodular lesions of 
origin 
below 
cerate. are found especially in 
but 


and 


women past the age of 30, som 


times in younger women intre 
quently in men and boys. The clinical] 
manifestations resemble those of erythe 
that 


sevel i veal 


ma induratum so closely obset 


vation over a period ot 


has, in some cases, been necessar 
finally to exclude the latter disease. 
In a later discussion O'Leary 
pointed out that the lesions of nodula 
vasculitis are not as large nor as in 


durated as those of erythema indura 
tum. They recur in crops but there may 
be periods of several months durin 
which no lesions appear. Hypertension 
while common in these patients, is us 
In the sam 


ually of moderate grade. 


discussion Montgomery said there i 
no deep ulceration or true tubercle for 
mation in nodular vasculitis and that 
the lesions are more persistent thar 


those of erythema nodosum. 
Irgang?”, in his report, showed 
lar vasculitis developing in two wi 
with definitely elevated bloo 
pressure. He remarks that the hyper 
this 
merely a concomitant finding, but tl 


men 


tension may in group, | 


Tp 
age 


presence of vascular changes in tl 
involved areas suggest the possibilit 
lesions may 


that cutaneous y be a lo 

manifestation of generalized disease 
Woodburne and Philpott*® present 

6 patients with nodular vasculitis. ‘ 


these, two appeared in association wi 
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nfected teeth or tonsils, one with 
nhlebitis migrans, one with the phle- 
itis accompanying colitis and anal 


fistula and two were not accompanied 
yy any apparent causal association. Vil- 
nova’s™! 16 cases of nodular vasculitis 
iv be taken as presenting the typical 
linical picture of this type of nodose 


sions of the legs. The patients were 
from 15 


ears to 60 vears. The disease had per- 


omen who varied in age 
‘ted in his patients for from l to 
Among the 16 pa- 


located chiefly 


nore than 5 
tients the 
n the 
terally, mostly on the posterior lateral 
spects ot the 


Val iable 


years. 
sions were 


lower extremities, usually bi- 


legs. Pain or tenderness 


is a finding. In size, the 
esions varied from a pea to confluent 
hey in number 


n individual (from 1 to 


also varied 


plaques 


pat ients 


ianv ). They were normal skin colored 
to reddish violet rose to vivid red. 
they evolved in about from 1 to 3 


lesions 


nonths. The 


kin and 


adhered to the 
some of them 

ilcerated 7 of 16). In 

tula resulted. The 


resolved within 15 to 30 


had become 
some cases 
nonulcerative 


were 


lavs. In some cases there was some 
mphatic or other evidence of tubercu- 
sis. In 9 eases foci of intection in 


tonsils or uncovered. The 
rate was increased in a 
Tuberculin tests (O. 


positive 


teeth were 
dimentation 
1umbet ot CaSCS. 


gave intense reactions in 


patients with extreme local, even 


ecrotic, phenomena in some. No gen- 
ral nor focal reactions were observed. 
ntracutaneous tests with certain bac- 
nonspecific protein and_ leish- 
anin yielded positive reactions in all 
ises, but of variable intensity and less 
han that of the tuberculin 
hese re may 


CTla 


reaction. 
represent para- 
lergic reactivity in patients even with 
iberculous terrain. The nodular 
associated in 6 cases with 


actions 


Vas- 
ulitis was 


rythema pernio, with alopecia areata 
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loss 
minor chorea. In 2 
cases it was accompanied by cough 


and rheumatism. 


and eczema, asthenia and 


of weight 


some 
and a 


The 2 common fea- 
tures in all 16 cases were hypersensi- 
tivity to tuberculin and to a lesser de- 
gree to other bacteriologic and protein 
antigens and secondly the preferential 
localization on the extremities, 
a site freque ntl} affected by erythema 
pernio. 2 facts led Vilanova™ to 
suspect that the alterations in the vas- 
cular pe riphe ry physiopathology can 
An addi- 
nodular 


lower 


These 


play a role in this condition. 
tional clinical concomitant of 
vasculitis is hypertension***" 
Histopathology of the Nodular Le- 
sions of the Legs. The histopathologi- 
cal picture of the nodular lesions of the 
legs centers about 4 cardinal features: 
infiltration, granu- 
— formation and fibrosis. These will 
vary in type, location and severity not 
only in the different conditions but in 
the different 
and to be 
case in 


vasculitis, cellular 


condition 
confusing, from case to 
given 


stages of one 
more 
stage or disease. It 
noted at the outset that 
caseation necrosis and giant cell forma- 
tion are not to be regarded as cardinal 
features, although their presence or ab- 


any 
should be 


sence may favor one diagnosis or an- 
other. In addition, one or more of the 
four features mentioned may be en- 


tirely lacking. 

The following table by Winer*™ sum- 
marizes the microscopic picture in no- 
dose lesions of the extremities: 

ERYTHEMA NODOsUM. Tachau*? plac- 
ed the primary trouble in erythema 
nodosum in the subcutaneous fat, 
where according to Winer the first 
He notes edematous 
the layers of the wall 
of larger vessels, especially arteries, and 
hyalinization in the smaller ones. 
Fibrinoid degeneration has been noted 
by Bergstrand'’ to involve only a seg- 
ment of the vascular wall in the man- 


lower 


change is vascular. 
dissociation of 
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er ol 
omments on the endothelial prolifera- 


periarteritis nodosa. Lever*® 


remain mild, 
and thrombosis, necrosis and 


cclusion do 


ion. Vascular changes 
howevel 
not occur, despite occa- 
nal marked perivascular hemorrhage. 
he infiltrate 


ivmol phonue lear leukocytes, 


consists of 
some 
£ which may be degenerated and oc- 

sional eosinophils and lymphocytes. 


center in and about the vessel 


ills and 


in the interlobular septa of 
the subcutaneous fat, where they push 
between the fat cells at 
the pe riphe rv of the lobule. As the le 


ly mphocy tes become more 


themselves 


¢ 
rominent, and the polymorphonuclear 
ukocytes tend to disappear. 

The granuloma formation appears to 

of two types Miescher** and Winer 
ive found fibroblasts ra- 
of the small 
be disting- 


nodules of 


iating the vicinity 


trom 


SSE ls Phe S¢ could not 
ished 


from the nodules described by 

Zeek” and Bergstrand™ in 
Despite these 
hanges the de velopm« nt of fibrosis is 


eriarteritis nodosa. 
i 
\ second type of granuloma occur- 
in erythema nodosum is that or- 
rily associated with the presence of 
reign bodies. This often occurs late 
the course of the disease, and is sec- 
to the 
is of fat particles. When this occurs 


necrosis and phagocy- 
nere may be a secondary thrombo- 
hlebitis of the small veins. 

All of the 
pletely reversible and resolve with 


changes described are 
» residual scar or depression of the 
verlying ¢ pidermis. 
INDURATUM (BAZIN). Er- 
‘hema induratum and_papulonecrotic 
berculid 


ERYTHEMA 


a smaller and more super- 
ial lesion not infrequently occur to- 
ether. Both have been classified by 

\lontgomery as tuberculosis cutis in- 
urata, and are by definition hematog- 

nous tuberculous vasculitides. They 


477 


start with endothelial proliferation oc- 
casionally with fibrinoid 
degeneration of the vessel wall similar 
to that seen in periarteritis nodosa. The 
lumen is obstructed by endothelial cells 
and thrombus formation. From the wall 


associated 


small epithelioid tubercles develop and 
enlarge. Soon the central mass consists 
of packed endothelial cells, thrombus, 
smooth muscle and epithelioid cells 
and infiltrating lymphocytes, and the 
vessel wall loses its identity as such. 
Elastic tissue stain will however dem- 
the 
there is a 


remnants of elastic 
first 


considerable lymphocytic infiltration in 


onstrate the 
membrane. From the 
and around the area. Caseation necro- 
sis sets in and the tubercle is formed. 
Giant cells of the Langhans type are 
usually found. 

The larger and deeper lesions of 
erythema induratum soon involve the 
subcutaneous fatty tissue. The individ- 
ual fat cells are separated by infiltrat- 
ing lymphocytes and proliferating his- 
tiocytes. the latter being phagocytic. 
These by taking up the liberated par- 
ticles of necrosed fat assume a super- 
ficial resemblance to the foam cells of 
xanthoma. Others unite to form giant 
cells. Thus we have on the periphery of 
a truly tuberculous granuloma a for- 
eign body reaction which may closely 
simulate the original process. A form 
ensue mak- 
ing the differentiation even more diffi- 
cult. 

Because of the vascular occlusion ne- 


of caseation necrosis may 


Crosis may extend to the surface and 
ulceration result. 

Fibrosis developing as the process 
subsides replaces the destroyed fat 
lobule, and the resulting scar is de- 
pressed below the skin surface in many 
instances. 

At times, as a result of necrosis of 
the fat or extensive fibrosis secondary 
to the vasculitis, vascular changes may 
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predominat to the exclusion of any 
formation of tubercles. 

ERYTHROCYANOSIS: PERNIO: NODULAR 
vascuLitis. The histopathological pic 
ture of erythrocvanosis as outlined by 
Telford consists of: 

l. A thickening of the swollen ar- 
terioles, all three coats being affected, 
and a dense perivascular infiltration of 
lymphocytes 


2. The 


numerous giant cells swollen by fat. 


presence In some Cases ol 
3. Fat necrosis in various stages of 


resorption This is the dominant 
pic ture 


1. The 


granulation tissue in the later stages 


formation of fibroblasts and 


This is evident in the necrosed area. 

In fact, so complete is the identity, 
that unlabeled sections of tissue af 
Bazin’'s 


fected with ervthrocvanosis. 


disease, anterio1 poliomyelitis and fat 
necrosis of the breast cannot be sorted 
into their respective groups. 

{n identical picture is presented by 
McGovern and Wright*® in cases of 
pernio. In addition, they mention n 
crosis of fat which is suggestive of but 
is not true caseation. 

Of nodular vasculitis Montgomery, 
O'Leary and Barker* say: Histopatho 
logically the nodules showed evidenc 
of vasculitis with varying degrees of 
thickening and obliterative changes in 
both veins and arteries, and a varving 
degree of fibrosis of subcutaneous tis 
sue with collection of foreign body 
giant cells and atrophy of the fat, but 
without definite tubercle formation 

In Irgang’s cases of nodular vascu 
litis the changes were somewhat less 
severe. They were located in the sub 
cutis and consisted of thickening of the 
vessel walls and narrowing of the 
lumen. There was slight swelling and 
occasional proliferation of the intima. 
Replacement of fat by fibrous tissue 
was prominent. and there were a few 


small areas of fat necrosis, although 
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giant cells were absent. Small dense in 
filtrates of lymphocytes were located 
about some of the smaller vessels. 
These two cases seem to fall mid 
way between those reported by Mont 
gomery et al. and some of the changes 
reported by Hines and the group work 
ing with him. Indeed, considering the 
difference of age and blood pressure 
of the patient, one of Irgang’s photo 
graphs might be superimposed upon 
one shown by Farber and Winer!®, and 
Hines, Montgomery and Craig*>. Thess 
authors studied the changes in the nor 
mal skin of hypertensive patients. They 
found a decrease in the wall to lumen 
ratio of arterioles as compared to nor 
mal persons. Other changes consisted 
of hyperplasia of the muscularis and 
thickening of the internal elastic mem 
Endothelial 


proliferation were met with as well 


brane. hyperplasia and 
Such changes were also found, asso 
ciated with perivascular infiltrates of 
lymphocytes and hyalinization of th 
media, in the ischemic ulcers occurring 
on the legs of persons with hyperten 
sion. They were similar to those re 
ported to occur in the pectoral muscle 
in hypertension. 
Finally, Kulwin and 


Hines** in ; 
study of vascular changes of the skin 


issociated with long standing venous 
stasis ( varicosities or thrombophlebitis 
found the predominant changes again 
in the arterioles. The intima was thick 
ened and proliferated and the muscular 
layer hypertrophic 
the internal 


Fragmentation of 
elastic membrane was 
noted in some cases. Changes occurred 
in the veins as well but were les: 
severe and much less frequent. 

All of these changes were found t 
be unrelated to concomitant hyperten 
sion, dermatitis or ulceration. In thre 
Cases where arteriolar occlusion ap 
peared, the section had been taker 
from the vicinity of an ulcer 


The causal relationship of the stasi 
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to the arteriolar change was not de 
rmined 
PHLEBITIS MIGRANS. Several types ol 
hlebitis may cause confusion in mak 
ny a diagnosis of nodular vascular dis 
ises. One is that which occurs in about 
0% of cases of thromboangiitis obliter 


ithologically identical with 


while resembling other 


thromboangiitis and is accompanied by 


the clinical manifestations of that dis 


| ( 


p tinful inflammatory reac 


ises of far advanced tu 

ms occur about superficial veins. 
Fusiform swellings develop, involving 
the skin. Thrombosis however does not 


associated with tuber 
Phe 
ially in a larger superficial vein, as 
Oc! ite 


another variety of phlebitis 


d often with heavy smoking and 


primarily in men. Constitu 


S\ mptoms are 
tion does not 


tender and somewhat fusiform. 


CCUTTI 


mild, and ulcera 


The 


] 


occur. lesions are 


they recur in crops each lasting one 
two weeks and will, by involving 
the 


cecessive segments travel entire 


eneth of the vein. Histologically the 
essel wall is infiltrated with polymor 
honu ( leukocytes and the lavers 


eparated by edema. Thrombosis may 
may not occur and the perivascular 
There 
fibrosis of the vessel wall. 
Since the 
intimately 
ited with some of the pathological 


sues are not involved. may 


Etiologic Considerations. 


ubercle bacillus is asso 


rocesses under discussion we are jus 
tified in taking a closer look at its role 
Sabin Doan*” have 
hown that a protein traction isolated 
therefrom 


etiology and 
incites a “clasmatocytic re- 
ponse’ with toxicity, fever and mul- 
tiple hemorrhage. The clasmatocyte, 
point out is a phagocytic cell 
histiocyte?) capable of rapidly frag- 
menting the tubercle bacillus. A phos- 


they 


79 


phatide fraction, on the other hand, 
stimulated epithelioid 
cells and Langhans type giant cells. 
Exactly what this terms of 


pathogenesis we are not prepared to 


formation of 
means in 


sav. The following facts may, however, 
be pertinent 

Erythema nodosum has been shown 
to be a phenomenon of developing 
“allergy” to any of several sensitizing 
substances, one of which is the tubercle 
bacillus. It is a transitory phenomenon 
whose often associated 
with the development of a positive skin 


appearan CIS 


test and a favorable prognosis. Berg- 
strand!” considers, however, that it may 
be an anaphy lactoid reaction similar to 
the Arthus and more 
clearly related to periarteritis nodosa. 

One point 


phenomenon 


demonstrated 
definitively, that is, whatever the cause 


has been 
or the mechanism of development, one 
lesion is indistinguishable from another 
due to a different cause. 

Little has been said about the role 
of tuberculosis in periarteritis nodosa. 
Ruiter’> noted frequent occurrence of 
tuberculosis in his cases of arteriolitis 
allergica, and he quotes Miescher as 
finding an unusually high incidence of 
tuberculin sensitivity in cases of peri- 
arteritis nodosa. The case reported by 
Gilrane and Cherry? is of interest in 
that glandular tuberculosis proven bac- 
teriologically, developed in a patient 
receiving cortisone for nodular lesions 
of the legs diagnosed as periarteritis 
nodosa. Both the glandular tuberculo- 
sis and the nodular lesions of the legs 
healed when the patient was given 
streptomycin and PABA (para-amino- 
benzoic acid). The case was further 
complicated because one member of 
a panel of pathologists, who originally 
made the diagnosis of periarteritis no- 
dosa, disagreed, preferring instead a 
diagnosis of sarcoidosis. 

Knap* surveyed 63 cases of eryth- 
ema induratum that had been in a 12- 
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vear period. Diagnosis was based on 
| 


clinical historv, Mantoux test, biopsy, 


Roentgen examinations and _ history. 


Che results of his survey are compared 


with the results given by Montgomery 


Ct adi. M (2 Cases 
ntgome) 
et al Knaj} 
S4 LOO 
I b lid 
ICO t 5 20 
1 } 70 TO 
ber in tissue } 

(sul pl { l 
( 2 of LO cases in which done 
Positive hest Roentgen-ra\ 60 
Positive history of tuberculosis 78 


Ot Knap s cases none had died of 
tuberculosis in an average observation 
period ot 6 vears. Three had developed 
SIONS 


severe in the lungs and five 


more developed benign inactive pul 
monary changes 

Other factors than the tubercle ba 
have attention in the 


development of erythema induratum. 


cillus rece ived 
Bazin believed that the suppression of 


menstruation was significant in some 
cases. The effect of “chilblain” has been 
commented upon. 
Knap and Danbolt 
gated the 


suffering from erythema induratum and 


have investi 


ovarian function in women 


discovered a_ deficient excretion of 


estrogen in a substantial per cent. Gon- 


idotropims and androgens were not 
affected. 
After citing the vasodilating effect 


found by Racine and detoxifying effect 
on various types of anesthetic agents 
described by Stortebecker, Knap pos 
tulates that in a tuberculin positive in- 
anti- 
circulate in the blood. It 
is reasonable to believe that both these 


dividual tuberculosis toxins and 


bodies may 


able to sensitize other 
harbor tu 


groups may be 
than 
bercle bacilli 


organs those which 


In some individuals es- 


MEDICAL SCIENCT 
pecially those with  erythrocyvanosis 
there will be the possibility of toxic 


effect. This possibility will be greater 
if the individual has a deficient estro 
gen production. In the first place the 
protective antitoxic effects of these will 
be lacking, and in the second place 


effect will 


ervthrocvanosis 


the loss of the vasodilatory 


cause or intensify an 
crurum. Clinical experience shows that 
this is a frequent coin idence and may 
be one of the conditions necessary for 
the development. of erythema indura 


Phe 


sented by 


tum ovarian dysfunction repre 


reduced estrogens pa 


tients with erythema induratum must 


therefore be regarded as a_ significant 
iddition to the 
mvcobacterium tuberculosis 
Differential 
Vasculitis, 


etiological factor in 


Nodular 


induratum, as 


Diagnosis of 
Erythema 
might be expected is not easily dis 


tinguishable from nodular vasculitis 
The age of- incidence is cite dasa point 
of differentiation, and so it is. Yet Knap 
erythema in 
duratum over the age of 30 and of 
Woodburne and Philpott's 6 cases of 


under 20 


found 17 of 63 cases of 


nodular vasculitis 2 were 

Ulceration, another point of differ 
entiation, was absent in 10 of Knap’s 
209 other 
ported by various authors, in whom 


112. This ul 


ceration is likely to be deep, with cir- 


cases. He cites cases, re 


ulceration was absent in 


cular outline and hypertrophic 


Che re 


for the cases reported as 


ovel 


hanging margins. has been no 


tendency 
nodular vasculitis to heal in summer 
cold weather, a feature 


and recur in 


common in erythema induratum and 
erythrocyanosis and pernio 
PERNIO Tel 


erythrocvanosis 


ERYTHROCYANOSIS AND 
under the 


discusses a mottled discoloration of the 


ford name 
legs which blanches on pressure and 
is cool to the touch. It 
calf, and just above the malleoli wher 
it may form a firm elastic cuff. The fol 


occurs on the 
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icles are pigmented and from each 
protrudes a spiny hyperkeratosis. In 
the areas of discoloration nodules form 
ind often proceed to ulceration. They 
ire always worse in the winter and 
heal slowly in summer. The patient is 
ilmost always a woman of stout build 
ind florid complexion. 

Phe process resembles closely that 
een in the limb paraly zed by poliomy- 
litis where absence of muscle action 
ind reduced fascial tension permit pool- 
ng of the blood in the venous channels. 

lelford considered these changes to 
be identical with those occurring in 
erythema induratum. Since in the cases 
he investigated no evidence of tuber- 
culosis could be found, he believed 
erythrocyanosis and erythema indura- 
tum of Bazin to be the same disease. 

\iecGovern and Wright*® describe as 
pernio, a chronic recurrent nodulo-ul- 
cerative condition which thev believe 
similar to erythrocvanosis. This also 
occurs in women of stout build. It is 
manifested by a reddened area, some- 
vhat indurated and painful. The color 
hecomes violaceous and the area fluc- 
tuant. Finally, it forms a shallow ulcer, 
lischarges a serosanguinous exudate 
less painful. Healing is 
low, with the formation of a pigment- 
ed scar in which the next winter's crop 
of lesions develop. Throughout the 
vears this leads to a sclerodermatous- 
like hardening of the skin which can 
hye quite disabling. 

hese authors cite Mordelli as dit- 
ferentiating between pernio and eryth- 


na 


ema induratum on the basis of seasonal 
incidence which, in his opinion, the 
latter does not show. He believes, how- 
ever, that the two may co-exist, but 
that tuberculosis is always a complica- 
tion and not a cause of perniosis. 
HYPERTENSIVE ULCERS. These lesions, 
described by Hines and Farber?* ap- 
peared on the legs of persons whose 
chief or only other physical abnormal- 


ity was hypertension. In some cases 

the first change consisted of a red pain- 
ful plaque in the skin, on which an 
ulcer developed. In others the ulcer 
developed on normal skin. It appeared 
as a purpuric spot, followed by vesicu- 
lation, ecchymosis, necrosis and ulcera- 
tion. The ulcers were described as be- 
ing ischemic in character, such as occur 
in vascular occlusion, pernio, livedo 
reticularis or senile changes. Healing 
was slow. 

No evidence of stasis, livedo vari- 
cosities, or dermatitis was noted, and 
the lesions most closely resembled self- 
induced ulcers or ulcers due to drugs 

blood dvyscrasias. 

PERIARTERITIS NODOSA. For several 
reasons it is difficult to evaluate the 
precise role of periarteritis nodosa in 
these cutaneous conditions. First, the 
skin manifestations of periarteritis no- 
dosa vary, and the reasons for this var- 
iation are not readily apparent. Second, 
the causes of periarteritis are several 
and not readily differentiated from the 
causes of some of the nodular skin le- 
sions. Third, the meaning of the term 
periarteritis nodosa has only recently 
been clarified. Attempts have been made 
io improve the terminology by adding 
such terms as periarteritis to indicate 
the involvement of all the layers of the 
wall, and polyarteritis to indicate the 
involvement of arteries in many loca- 
tions. The recent work of Zeek and her 
collaborators appears to have merit. 
Like others she has found it necessary 
to introduce new terms. She would 
refer to the group as necrotizing an- 
giitis to indicate essential pathological 
histology. Under this she sees 5 groups. 

1. Sensitization angiitis (serum and 
sulfonamides ) 

2. Allergic angiitis associated with 
asthma or Loeffler’s syndrome. 

3. Periarteritis nodosa: the classical 
form of Rokitansky, Keissmane and 
Meier. 
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associated with 


Rheum 


ruilminatin 


form 


tic 
rheumatic teve1 


5. Temporal arteritis 


On one side of this classification it 
IS possibl to “hang” such conditions 
is erythema nodosum, a benign angi 
itis occurring in the course of “sensi 
tization’ to other infections or drugs 
in a like manner one may on the other 


side hang lupus erythematosus dissem 


inatus with its polyserositis, angiitis 


its similarity to the rheumatic diseases 
nd its serious import. Other parallel 
sms will be seen 

With thei technique for producing 
the periarteritis nodosa picture in rats 


ind Weeter®® have estab 


Zeek, Smith 


lished a basis for the comparison of 
clinical and necropsy material in the 
various types of angiitides 

Many of the points they discuss have 

direct bearing on cutaneous mani 
festations but one, the simultaneous in 
volvement of arteries and veins is per- 
tinent nd has been mentioned tré 
Zeek und the others have 
hown that in pe riarteritis nodosa” the 
primary involvement is always at the 
site of bifurcation of a medium-sized 
arterv. The vein is involved later and 
by pe riphe ral extension. In the angiitis 
of sensitization both arteries and veins 


ol smaller caliber show simultaneous 
involvement. This is a very easily 
overlooked difference which may re- 
quire many serial sections to demon 
strate. It may help, however, to ex 
plain some of the varied cutaneous 


manitest itions of periartitis nodosa. 


Illustrations in Miescher’s' article 


show one case resembling a papulo 
necrotic tuberculid. Another might be 
mistaken for syphilis. Slinger and 
Starck show a case demonstrating a 
livedo racemosa configuration. Also, 
according to Ruiter®®, Carol and 
Praaken Goldschlag?*, Crosti'* all 
have cases showing livedo racemosa. 
The case described by Ketron and 
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Bernstein had this configuration. Until 
the physiology of livedo reticularis is 


better understood we 
not be in a position to account for this 
Ketron and 
lieved not 
chalky then 
ponded to the central arterial cone 


Another by Zeek's 


classification is the distribution of skin 


shall probably 


Bernstein be 
that the 


COTTeS 


distribution 
but 


Are 


could prove 


‘as m patient 


View ope nea up 


lesions, as well as their type, among 
the various angiitid Logue and 
Mullins** report Il cases in which 7 
had skin manitestatic This is well 
above the average usually given (25% 
Ketron Bernsteir Nodul 23 
others exclusive of purpura 4%, Harris 
Lynch and O'Hare Of these 7, one 


had 
and characteristic excoriated papu 
the One id 
nodule, two had painless firm nodules 


temporal arteritis hype rtension 


] 


es of 


abdomen a pulsating 


two had purpura ind one had early 
in the disease a prurit c vesicular rash 
followed later. not necessarily in the 


same spots by pigmentation with cen 


tral scarring. This patient was the only 


one of the 7 showing skin lesions who 
did not have hypertension 

Churg and Straus: in 13 cases as 
sociated with severe asthma found 


purpura in § and subcutaneous nodules 
In 3 oft the Si there 


lomatous nodules of de 


in 7. were granu 


generated _ col- 


with radially arranged macro- 


the 
dules consisted ot SCVE ral foci ot fibrin- 


oid degeneration of 


lagen 
lls. In 


yhages and giant c¢ no 


collagen, and in 
one there was homogenization of colla 
ven as seen in rheumatoid arthritis. All 
lesions were paravascular and_ there 
the skin. In 


necrotizing 


were no vessel changes in 
the 


ternal vessels showed 
angiitis. 

Similar granulomata have been re- 
ported in the nose, Weinberg‘; Sym- 
Litchfield®®. These latter 


lesions, as well as those of Churg and 


mers 


Strauss are of the paravascular type. 
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DIFFERENTIAI 


( nical Feature 


Concept oft Galloway 
ind Whitfield 1899 
1913. Painful nodose 
lesions calves of 30 
t0-vear-old 


rare ly younpel ( le ar 


Wwothen, 


nelevation and rest 
Llceration rare, re 
irrent, more painful 
ind of shorter dura 
tion than erythema 


induratum 


Lleerative or nodose 
calves of legs of girls 
adolescence 


May affect all ages 
nd both sexes. May 
be associated tuber- 
cCulostis else where 
Puber« 


ive (;uinea pig 


ulin test posi 


noculation may be 


ive or negative 


Reddish blue discolor 
tion of skin on lower 
ilf of legs of girls 
ind wotnen May be 
issociated with nod 
resolving or 
ilcerating Women 
ire florid and have 

Recurrent 

winter, 


irge legs 
attacks in 
disappear in summer 
Uleers in pernio more 
superficial than in 
ervthema induratum 


Acute; associated fe 
ver, malaise, arthral 
ia, superficial tender 
nodules and plaques 
on legs usually last 
few days or weeks 
No ulceration Leave 


discoloration 
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DIAGNOSIS OF 


OF THE I 


ast uli 


LEGS 


ir 


Changes 


History of 
bitis 


Varying de 


phle- 


yrees 


of vasculitis in 


one thire 


present 


Vasculitis 


ent 


1 of 


Varices 


pre s 


onda ry 


thrombophlebi 


tis may 
vene 


super- 


Histologic Changes 


Evidence of vascu- 
litis. Varying degrees 
of thickening and ob 
literative changes in 
veins and = arteries 
Varying degree of fi- 
brosis. Collections of 
foreign body giant 
cells Fat atrophy. 


No tubercle forma 
tion 
May be nonspecific 


Three 


types of changes: (a 


granuloma 


formation of typical 
tubercles with casea- 
tion in center of tu 
rele s.(0 Severe ce 
gree of necrosis of 
fat, acute and chron- 
ic, varying degrees of 
Vasc ulitis and foreign 
body giant cell reac- 
tion. (c) Same as (b 
but with fibrosis 
rather than necrosis 
of fat predominating. 


Foreign body giant 
cells, obliterative vas- 
cular changes, thick- 
ening of all coats of 
arteries, fat necrosis, 
granulation tissue. 


Infiltration about vas- 
cular network in up- 
per and middle por- 
tions of cutis. Lym- 
phocytes and poly- 
morphonuclears. Ves- 
sel walls edematous. 
Inflammatory hemor- 
rhagic infiltration of 
walls. Acute inflam- 
mation with fat at- 
rophy may be pres- 
ent. 


NODULAR VASCULAR DISEASES 


Etiology 
Re marks) 


Non-tuberculous 
non-tuberculous 
erythema indu- 
ratum?) 


Tuberculous 


Non-tuberculous 


Streptococcic. 
Various: @. g., 
syphilis, coccid- 
ioides, drugs; 
bromides, sul- 
fonamides). 
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IFFERENTIAL DIAGNOSIS 


THE LEGS 


D Clinical Featu Chan 
Febrile Large 


s ibs utaneous plaque s oft 


Disease ind 


bouts 


nodules, espe 


on trunk and 


thighs Subsequent 
i 
itaneous atrophy 


depressions of 
Women 


efly affected 


ee 


iffects me 
Disease of 
mediun 
veins. Multiple 
te tender nod 


Last 7 


( rops linear to pal 


18 davs 


pation. Smaller tl] 
ervthema nodosun 


1. Mild 


SVI 


id induratu 


n 
titutional np- 


is Stasis ein Subacute 

inflammatory 
lower third 
f the leg producing 
tender painful plaque 


ike induration of th 


In 


exact site 
of the 


ittempting to fix th 
primary disturbance certain dif 


ficulties are met. One is that in the 
vessels above the subcutaneous plexus 
the anatomical difference between a1 


ind veins is verv slight. These 


slight changes may be lost in the gen 
eral tiss reaction. Another is that 
since arteries and veins lie so close to 


( onsiderable 


reaction is 


MEDI 


O} 


AL SCIENCI 
NODULAR VASCULAR DISEASE -O} 
Cont 
/ 
H { R 
d n Ede I i ind The Non t > i » 
oltfat wi h pl 
th i 
reaction | 
phonuclears 
phocytes Lit 


be even throm}! 


| 

| 

t} sis ™ 

nf rat) of w f 

ein. Fil sis of 

Very little orn 

venous inflar 

No fa S1s 

fii 
nsol Pathol I Nor 
ling hosed ns tasis 


likely to th, 
ization of the initial process impossibl 

About most of the 
terest 
doubt 
induratum 


involve b making local 


conditions of in 


in this discussion there is som 


In nodular vasculitis, ervthem 


oid, arteries 


veins, seem involved 


and an 


to about the same 


extent. Telford®® attributes ervthrocy 
anosis to arteritis and McGovern an 
Wright localize pernio in the veins 


™ 
tS+ 
\BLI 
| 
R MM 
M he 
es. 
| 
( Py ling Var ap 
\ ebitis r 
getl 


Winer believes the 


but Lever? 


place it in the 


erythematosus 
found the 


muscles and nerves to be 


criteria used 


irterial but 
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primary change in 
nodosum to be in arteries, 


Lofgren and Wahlgren** 


rvthema 


veins. 
The changes associated with hyper- 


ension with or without ulceration. 


syphilis and with chronic venous stasis 


re localized to the arteries and ar- 


( riole 

In studies of disseminated lupus 
Lowman and Slocumb*" 
primary vascular lesion in 
venous pre- 


lominantly, but in the skin the changes 


re arterial ( Ehrich). 
In periarte ritis nodosa the location 
t the primary process is one of the 


by Zeek et al. in making 
heir subclassification. In the “true” per- 
rteritis nodosa the lesions are always 
involve the veins by pe 
se nsitization 
begin 


arteries and veins. 


ipheral spread. In_ the 


ngiitis, the lesions simultan- 
in both 


Sarcoid should be 


ously 


SARCOID mention- 


ed pe rhaps, only as a point of differen- 


tial diagnosis. It 


was at one time 


thought by some that the subcutaneous 


Darier-Roussy was identical 
However, it 
the feeling of most pathologists at 
resent that the 


ircoid of 


ith erythema induratum. 


sarcoids of Boeck and 


185 


Darier-Roussy differ only in location 
and that they have the same cause, or 
multiplicity of causes 

The salient fe atures ol Montgomery, 
O'Leary and Barker's paper*’ will serve 
as a useful summary of this discussion. 

\ group of diseases with many fea- 
nodular vas- 
induratum; erythro- 
cyanosis and erythema nodo- 
sum; panniculitis; recurrent idiopathic 
thrombophlebitis and indurated cellu- 
litis and ulceration secondary to chron- 


tures in common includes: 
culitis: erythema 


pe 


ic venous stasis. 
The differential proble m is —s 
Histologic changes may be typical o 


tuberculosis and vet not be of te 
causation and vice versa since tubercle 
bacillus may produce a banal non- 


specific infli immatory reaction in some 
When histopa ithologic changes 
procedures to estab- 


Cases. 
are pre sumptive 4 
lish tuberculosis must be performed. 
Prolonged observation may reveal tu- 
berculosis, which may be absent at the 
first contact with the patient. Removal 
of many specimens in different stages 
of development for histologic study is 
suggested. Portions of each should be 
used to inoculate as many as ten guinea 
pigs. Table 2 on 483 and 484 
is a good summary of this problem. 


pages 
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AN TISEPTICS DISINFECTANTS, FUNGICIDES, 
ND CHEMICAL AND PuHysicaAL STERILIZA- 
ion. Edited by Georce F. Repptisn, Pu.D. 

Sc.D. (Hon.), St. Louis College of Pharmacy 

Allied Sciences. Pp. 841; 71 ills. Philadel- 
hia: Lea & Febiger, 1954. Price, $15.00. 


For many years the standard reference 
ok in the subject of disinfection was Mc 
Culloch’s “Disinfection and Sterilization.” As 
ie went on, however, the last (1945) edi- 
radually became outdated and need 

for a worthy successor. Dr. Reddish 

his contributors have more than ade 
uately filled this need. The new volume 
lore Compre hensive in detail and broader 


’ in its predecessor. Because each 
the 30 authors is writing about his field 
pecial interest, most of the 35 chapters 

eflect a nplete command of the subject 
One entire section is devoted to detailed 

ription ind evaluations of methods. Not 
ire all of the major classes of disinfec- 

t handled as s¢ parate entities but they 

lso turn up repeatedly under such headings 

Antiseptics, Fungicides, Viricidal Agents 

| so forth. Sterilization by physical means 

luded, and the chapters on the use 


ea il vases dese rve special commenda- 


Luise it a dependabie source of in- 
formation in the broad fie ld of disinfection, 
lusive of chemotherapeutic drugs, this book 
ill undoubtedly enjoy the wide usage it 
eserves. And of particular value to physi- 
ns and nurses are the chapters on surgical 
tisepsis and the disinfection of surgical in- 
nent 3. 


HE MEANING OF SociAL MepIcINE. By [Aco 
Gaupston, M.D., Secretary, Medical Infor- 
ation Bureau, New York Academy of Med- 
ime Pp. 137. A Commonwealth Fund 
Book. Cambridge, Mass.: Harvard Univer- 
ty Press, 1954. Price, $2.75. 
Tris highly provocative little book raises 
ny questions and provides few if any final 
nswers. Nevertheless it should be read by 
very physician who recognizes the jeopardy 
which medicine stands today in spite of 
amazing accomplishments in immunology, 
etiologic diagnosis, definitive therapy, and 
forth. Five years as administrative officer 
the “Committee on Medicine and the 
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Changing Order” of the New York Academy 
of Medicine, provided the author with much 
of the inspiration and background that re- 
sulted in this book. 

The title of Chapter One is “What is Social 
Medicine?” Apparently there is no satisfactory 
answer. It is not socialized medicine.” Per- 
haps it is something like a combination of 
curative medicine plus preventive medicine 
and public health, to which a new orienta- 
tion has been given by insisting that not just 
the patie nt’s disease, but the whole patient in 
and with his environment must be the object 
of diagnosis and treatment. About the only 
presently existing example of a discipline re- 
sembling “social medicine” is pediatrics with 
emphasis on well baby clinics. 

Many readers will agree that parts of this 
work are open to serious question. For ex- 
ample after insisting that “despite its tri- 
umphs and miracles, modern medicine has 
failed,” the author indicates the broad lines 
that will have to be followed in order to 
turn that failure into success. It appears that 
future physicians will have to be supermen, 
with God-like knowledge and understanding! 
Indeed, they will have to be omnipotent 
rulers of mankind for they must straighten out 
the kinks in man’s environment and rid him 
of ignorance and faulty ideas. It further ap- 
pears that by conquering summer diarrhea, 
smallpox, diphtheria, pneumonia, and adding 
many years to man’s life expectancy, “mod- 
ern medicine has in a large measure con- 
verted mortality into morbidity.” Those thus 
saved from early death “all too often have 
been saved only to longer endure the burdens 
of a variety of illnesses and to die at a later 
age.” Does the author really believe that 
vaccination for smallpox, penicillin for pneu- 
monia, and so forth should have been post- 
poned until the degenerative diseases and 
death itself have been abolished? 

The book’s shortcomings are partly re- 
sponsible for its provocative flavor. It is 
stimulating even if not inspiring. 


Das EvexrriscHe By WILHELM 
ERNSTHAUSEN, Dr.—INc., (F. Krenne, M.D., 
Collaborator ). Technical Institute Karlsruhe. 
Pp. 232; 227 ills. Munich: H. Rinn, 1953. 
Price, DM 48.00. 

Tue visual electrical concept of the heart 
is the graphic or numerical presentation of 
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bi L ti tions of the heart muscle Tus little book is a llection of papers 
electrical phenomena Further presented for a discussior nvened by the 
trocardiography may be ex Colloid ind Biophysi« Committe ol the 
widening of clinical expel Faraday Society at Kin College Londo 
statistically mprove diag It deals with the biol l. chemical ane 
xperimental onstruction of phvsical properties of wen Structure 
trical | rt nodels offering new theoretic il thre import ae ot whicl nas becom evel 
possibilities 1Ol keenly ippreclat cl the past ce 
) is given t the mv vcle Since these pay ere ented 
ut and its retabolism wst entirely by Britis] rkers, it i tural 
nis transtormatio1 ot en that much of the mate is similar to that 
il bi ind inaerobi influences und 1! the papers oft tt | siah AY vy Con 
ire ere follow electrophysiolo t 1etaboli tions publishes 
e ot membr ind L950 
tissue t potentials sper 1 of excita Verv t hit ire to be found 
t the potential field about in these pape the « hemical structure 
fiber groups is given. The f collagen fibrils and t in is still un 
t tor operations on the ke known: whether tl t istorme int 
f the function of the whol the former is most t} har 
] estioned There IS inaly yt the formato} llagen fil il 
stems, including vector ul nly be presumed It t ht that it is 
tricul il gradi nt Interest compl ti ym celh lar tion a La extra 
i re reported on the T and § ellular environment 
nce ‘ upon th listance The iaterial pl In id 
s from the fiber il | the ble form ind the ire t} nt 
read of excitation in conduc or the novi it babl 
heart muscle fiber, re spe easier readin thar t of the \ rical 
largely Sus r the 
tion in itient j talent tf the |} h t t t the 
iny p rtial electrocardic eart of the tter t lest 
the frontal plane vith a | 1 manne I \ 
{ yt > cm such il illus 
how, for instance, 154 singk 
exes practical analysis wa 
lable. Particula T. Mackir, M.D., Cor., MC, AUS 
Retirep Chairma American Fou 
tte to ischemia, different type 


ni cist ces ot tion 

WPW S ile | h bl HuNTE! Co MS¢ USA 

\ iron NOCK, Nn 


n i\ 
ar ; Chief, Section of Parasitology 1 Ent 
rdial di ise, E.S diffuse damage sul 
— ology Fourth Ar Area Medi i bor 
ivided int inflammatory and metabolic dis 


ory Brooke Army Medical Center Fort 
Sam Houston; and C. |} OKE WortH, M.D 
Field Staff Member, Division of Medici 


hypertrophy, insufficiency, and low 


An ttempt is made to evaluate the tun 


ind Public Health, The Rockefeller Found 
iti t tl heart 1 ional « - - 
aca nas dia tion. 2nd ed. Pp. 907 04 ills.. 7 in cole 
Sram that 1 as up lation quo 
pon Yrada n ju Philadelphia \\ Saunders 
nt and the refractory phase quotient. A . 
Price $12.00 
ipter 1s devoted to a detailed mathematical , 
te ysis by the Fourier method ul 
1] no ‘ lent wo 1 
Phe ‘trations and print are of superior edition of this exc it work, Published dui 
inc World the fi 
lity For a full unde rstanding of the book ing World War IT, the st edit fl 
knowledge of biophysics ind mathematics is manual proved to be an exceedingly usef 
prerequisit H.R und practi il presentation ol the ubject tol 
the many military officers who found ther 
selves confronted with th practice of tropi 
cal medicine Since the war, there has been 
NATURE AND STRUCTURE OF COLLAGEN. Edited continuation of researc} in this field an 
By |. T. RANDALL, University of London world conditions make it imperative for 
Pp 2O0Y 142 ills New York Academi physicians of this country to keep ibreast 


Pre lr 1953 Price, $6.50. the newer knowledg The authors and the 
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ur collaborators are to be congratu 


1 the excellence of their product. The 


pl ictical and the illustrations are 
Uh book should be in the hands of 
| students and young physic ians 


R. K. 


OF THE SKIN. By OLIver S. OrMssy, 

Professor of Dermatology Emeri- 

i ity of Hlinois, and Hamivron 

tery, M.D Derma 

Syphilology, Mayo Foundation 

f Minnesota. 8th ed. Pp. 1503; 

18 in color Philadelphia: Lea & 
54. Price, $22.00. 

edition of Diseases of the Skin 

ind Montgomery continues the 


Protessor of 


this work, which has served the 
fession since Because of 
ime of investigative work pro 
juent to the publication of the 
m, it is surprising that so much 
led to this presentation without 
of making it a multi-volumed 
been accomplished by elimin- 
obsolete material, condensation 
by the judicious use of smaller 
there. If any criticism of this 

it should be in the direction 
too much rather than too 

the expert, however this can 
harm. The coverage, in addi 
huminous, 1S also re isonably 


content and presentation of 


{ idard volume has been enriched 
ition to the status of contributors 
have assisted in the past, De- 
uber, Kierland and Lobitz, 
H. B. 


SES OF CORTISONI INCLUDING 
IRTISONE AND Corricorropin. Ed- 
Francis D. W. Luxens, M.D., Pro- 
University of Pennsyl- 
Py 534: 52 ills. New York: The 
Co., 1954. Price, $7.50 
irs have passed since cortisone was 
the therapeutic armamentarium. 
. tremendous experience has been 
ited in the use of this and _ allied 
in many phases of clinical medi- 
i publication meets the need for 
¢ and assessing these experiences and 
it the disposal of all physicians sound 
ms as to the value of these agents 
ice as to their proper use. Doctor 
ind his 29 contributors, all of them 
in their respective fields, are to be 
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congratulated upon the excellence of this 
work. There are chapters on the physiology 
of the adrenal cortex, the pharmacological as- 
pects ot adrenal cortical hormones and their 
effects in adrenal insufficiency and a wide 
range of clinical conditions in which they 
have been found useful. The book is highly 
R. K. 


re¢ ommende 


BEYOND THE GerM ‘THEORY SEMINAR. 
Edited by [aco GaALpsron, M.D. Pp. 182: 
18 ills. New York: New York Academy of 


Medicine, 1954. Price, $4.00. 


“BEYOND THE GERM THEORY” is a collec- 
tion of papers which illustrate factors, other 
than germs, which are etiologic in the ills of 


mankind. The 


and stress and. their interzelationship in dis- 


papers deal with deprivation 


turbances of homeostasis. Such examples of 
physical deprivation as scurvy and beriberi are 
dealt with. The years of opposition by some 
of medicine’s best brains to the idea that these 
diseases could be caused by a “lack of some- 
thing,” other than by some positive harmful 
influence, is presented and makes for interest- 
ing and humbling reading. One is reminded 
of present-day insistence that arteriosclerosis 
must be consequent to the ingestion of excess 
fat and that lung cancer is caused by too 
many cigarettes : 

The tragic effects of emotional deprivation 
are strikingly illustrated in a well controlled 
experiment that contrasts the physical and 
psychologic il growth of series of infants, 
one with mothers, the other without. A per- 
usal of the differential notes of morbidity and 
mortality should convince the most adamant 
skeptic of the powerful force that is mother- 
love! 

The book could profitably be read by all 
those working in the medical disciplines. It 
will receive special attention by those inter- 
ested in comprehensive medicine and in the 
multifaceted approach to preventive and ther- 


apeutic medicine. The broad vistas of to- 
morrow’s medicine are clearly portrayed. 
W. S. 


GESUNDHEIT DURCH KRANKHEIT. Das RATSEL 
pER ImMMuNiTAT. By Dr. HaAns-Joacnim 
FLECHTNER. Pp. 346; 46 ills. Diisseldorf: 
Econ-Verlag, 1954. Price, not given. 

A presentation of the many aspects of im- 
munity, pathogenesis of the body’s methods of 
defense and the treatment and prophylaxis of 
infections, written in terms that laymen may 
understand it, nevertheless it presents an ac- 
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rvey of the subject. The author has 
shown his skill as a writer and a scientist in 
presenting scle ntific material not only in this 
but in three other publications of similar type 
Those who know German will find this work 


well worth reading R. K 


ZUR PATHOGENESE DES ENDOGENEN EKZEMS 
By Doz. Dr. Mep. GUNTER KortTING. Univ.- 
liibingen. Pp. 107; 23 ills. Stutt 
Verlag, 1954. Price, 


H vutklin k 
irt 


Thieme 
DNL 13.80 


KORTIN( Y nograph is one of a trilogy of 
presentatio dealing with various types of 
eczema and emanating under the guidance of 
Gottron. based on the Breslau and Tubingen 
Clinics. Halter’s essay deals with eczema vul- 


aris Nikolowski discusses seborrheic eczema 


present, by Korting, is concerned 


ndos 


ind the 
With ¢ enous eczema, 

Endogenous eczema is really what we call 
itopic dermatitis. The coverage of the subject 


ither wide and includes clinical features, 


cidence, age and seasonal; constitutional as- 
pects (for « ‘ample, blood picture, intestinal 
tract and ocular manifestations pathologic 


| pathoge nesis. The style of the 
which this volume is written makes 
or difficult reading but because of the many 
facets of the subject described and the bibli- 
work is useful for the allergist 
internist, pediatrician and dermatologist 


H. B 


SCIENCE, MEDICINE AND History 


id edited by | 


Collected 
ASHWORTH UNDERWOOD 
volumes. Pp. 563 and 646; ills. 50 and 56 
respecti ely New York 
Press, 1954 Price. $45.00. 
lo honor 


the dean « 


Oxford Unive rsity 


Protesso1 Charles Singer, long 
f historians of science and medicine 
in Britain, where he has been associated with 
the Universities of Oxford and London, this 


work pre 


nts a remarkabl group of essays on 
the evolution of scientific thought and medical 
practice It has been edited by E. Ashworth 
Underwood, Director of the Wellcome Histor- 
ical Medical Museum and of the Wellcome 
Historical Medical Library, London, and 
there are articles by 94 contributors: histor- 
ians, scientists and physicians from all parts 
of the world, twenty-five of them from the 
United States. The essays Cover a wide range 
of the whole field of the history of science 
and medicine, and many include important 
original research. The essays are all in English 
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except five, four bein in French, and one 
in Italian. They are arranged in eight books 
dealing respectively with The Ancient World 
The Medieval World, The Renaissance, The 
New Philosophy, The Uncertain (17th) Cen 
tury, The 18th Century, The 19th Century 
ind Afterwards, and Some General Surveys 
There are 106. half-tone 
numerous figures in the text. There is also 
a bibliography of the 
singe! \ complete index adds 
greatly to the 1 value of the work 
All historians will, of course, welcome. this 


plates is well as 


publish d writings of 
rote SSOT 


prac tica 


magnihcent group ot ontributions, but all 


] 


scientists, and ¢ speci lly 


physic ians. will fir 
here much to interest and instruct them, en 
tertain and inspire them during many a pleas 
int 


t how R. K 


Heart DIsEASE AND INDUSTRY, WITH PARTI 
ULAR REFERENCE TO WORKMEN'S COMPEN 
SATION Cases. By Meyer Texon, M.D. Pp 
394. New York: Grune & Stratton, 1954 


Price $7.50 
PHYSICIANS who h ive bee n ¢ illed into court 


to testify as to the medicolegal aspects of 
se have often wondered at the 


irdiac dis 
lack ot an authoritative text that might SCTV¢ 


is a guide for them in a field which is, to 


most of them, quite untar iiliar. Dr. Texon, 


private ind consul 
tation practice in car liology and who, for 


who has had an extensi 


vears, has participated in a popular short 
course for lawyers, has provided such a text 
from his wealth of experienc The greater 
part of the book is occupied by a discussion of 
100 cases selected to illustrate typi il prob 
lems. These are considered from the stand 
point of the history, the findings on physic il 
and laboratory examination, the medical opin 
ion, the causal relationship of accident to 
disability, the prognosis, and the legal deci 


The book has been 
written both for the physician and for the 
lawyer, and includes a glossary of terms to 
he Ip the latter. It is to be hoped that all phy 
sicians who have to deal with cardiac medi 
colegal problems will familiarize themselves 
with the contents of this valuable volume. It is 
to be hoped also that 


tion paid by the 


sion as to compe nsability 


“with increasing atten 
medical profession to this 
entire problem, some of the apparent incon 
sistencies in the prevailing customs and laws 
concerning compensation for industrial acci 
dents will be rectified” and that there may 
eventuate more uniform laws and legal inter 
pretations in the various states of the Union 
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